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In Studies IV and V, no such detailed quality assessment of the included pub-
lications was performed in order to at least be able to receive some informa-
tion. At the moment, only very few can be reported in terms of variables influ-
encing success or failure, especially of miniscrew anchorage. In order to 
evaluate relative effectiveness, efficiency and indications of different tempo-
rary anchorage devices, more prospective controlled studies have to be per-
formed with proper recording of all influencing factors. 

 

6.7 Indications and Limitations for Different TADs 

Considering the survival rates and risk factors of the different TADs and look-
ing at the biomechanical options, the palatal implant is the TAD of choice in 
the maxilla, especially if major anchorage is needed or if the whole dental 
arch is to be moved. The palatal implant is a reliable tool and the presented 
supraconstruction offers a multitude of clinical treatment possibilities. 

 

6.7.1 Indications for palatal orthodontic implants 

1) (Partial) stabilization of the upper dentition in relation to the maxillary 
base: 
• Prevention of movement of the reactive unit during space closure: 

o Extraction in the upper jaw only with full class II (posterior 
anchorage; Wehrbein et al. 1996a/b, 1998, 1999a, Bernhart et 
al. 2001, Wehrbein & Göllner 2007) 

o Closure of agenesis spaces in the upper jaw with class I (ante-
rior anchorage) 

• Prevention of molar extrusion in open bite patients / hyperdiver-
gency (vertical anchorage) or in class II patients 

2) Active movements of the upper dentition in relation to the maxillary base: 
• Distalization of molars (class II; Study II, Wehrbein & Göllner 2007) 
• Mesialization of molars (space closure in the upper jaw with class I; 

Study II, Wehrbein & Göllner 2008) 
• Asymmetrical sagittal dental movements (Study II) 
• Vertical movements (open bite, deep overbite, retained canines) 
• Transversal movements (expansion and compression) 
• Unilateral rotations of the molars without transversal side effects 
• Tipping of the molars (compensation of the �-moment after vertical 

manipulations of the incisors) 

3) Special tasks: 
• Protraction of the maxilla with a facemask application directly on the 

implant (Wehrbein & Göllner 2007) 
• Fixture of a provisional partial denture, especially after bony build-

up of the alveolar ridge or waiting for implantation age 
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6.7.2 Limitations of palatal orthodontic implants 

1) No skeletal effect on the maxilla with the implant only 

2) No effect on the mandible or lower dentition, except possible autorotation 
of the mandible due to vertical manipulations of the buccal segments 

 

6.7.3 Indications for mini-/microscrews 

1) Minor tooth movements / anchorage such as: 
• Intrusion, extrusion, tipping or rotations of single teeth (Creekmor & 

Ecklund 1983, Roth et al. 2004, Da Costa Filho et al. 2004, Lee et 
al. 2004, Yao et al. 2004, Onishi et al. 2005, Bae et al. 2006, Lin et 
al. 2006) 

• Uprighting of mesially tipped molars by distal traction of the crown 
(Giancotti et al. 2004) 

• Minor sagittal / vertical passive anchorage or intrusion of the molars 
(Paik et al. 2003, Chang et al. 2004, Kuroda et al. 2004) 

 

6.7.4 Limitations of mini-/microscrews 

1) No skeletal effects on the maxilla or the mandible, except possible auto-
rotation of the mandible due to vertical manipulations of the buccal seg-
ments 

2) Insufficient interradicular spaces in the desired line of force or blocking of 
the desired tooth movements by the screw(s) (Schnelle et al. 2004) 

3) Need for significant moment anchorage, especially around the long axis 
of the screws (Chen et al. 2006c). (Two primary interconnected screws 
can support axial moments to a certain extent; see Fig. 28) 

 

6.7.5 Indications for miniplates 

1) Maxilla: only if a direct skeletal anchorage is needed on the buccal sides 
(e.g. skeletal class III elastic application; Cevidanes et al. 2009) 

2) Mandible: Stabilisation or active movements: 
• Prevention of movement of the reactive unit during space closure: 

o Closure of agenesis spaces with class I (anterior anchorage) 
o Posterior anchorage during space closure in class III-patients 

• Prevention of molar extrusion in open bite patients / hyperdiver-
gency (vertical anchorage) or in class II patients 

• Mesialization of the molars (space closure in the lower jaw with 
class I) 

• Asymmetrical sagittal dental movements 
• Vertical movements (open bite, deep overbite; Umemori et al. 1999, 

Sugawara et al. 2002, Sherwood et al. 2003, Paik et al. 2003, 
Everdi et al. 2004, Kuroda et al. 2004, Chang et al. 2004, Sherwood 
& Burch 2005) 
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• Unilateral rotations of the molars without transversal side effects 
• Uprighting / tipping of molars (uprighting of second molars after loss 

of the first, compensation of the �-moment after vertical manipula-

tions of the incisors) 

6.7.6 Limitations of miniplates 

1) No skeletal effects on the maxilla or the mandible by the appliance only, 
except possible autorotation of the mandible due to vertical manipula-
tions of the buccal segments 

2) Insufficient bone height to place the screws below/above the roots 

3) Flap surgery is required for the placement and removal. 

 

Although an absolute anchorage can be achieved with many TADs, active 
movements of the dentition may sometimes be limited, especially in the fol-
lowing situations: 

• Distalization in the upper jaw when the 2nd molars have erupted 
• Root movements through the maxillary sinus 
• Sandglass shaped alveolar bone 
• Expansion of the upper arch without opening of the suture 
• Vertical manipulations (danger of relapse) 
• Large skeletal discrepancies with insufficient bone support in the di-

rection of the desired tooth-movements 

As TADs have no influence on craniofacial growth pattern, which is often an 
elementary part of orthodontic treatment, classical anchorage strategies like 
headgears and/or functional appliances are usually preferable in growing chil-
dren. 
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Abstract

Aim: The aim of this randomized-controlled clinical study was to examine stability changes

of palatal implants with chemically modified sandblasted/acid-etched (modSLA) titanium

surface compared with a standard SLA surface, during the early stages of bone healing.

Materials and methods: Forty adult volunteers were recruited and randomly assigned to

the test group (modSLA surface) and to the control group (SLA surface). The test and

control implants had the same microscopic and macroscopic topography, but differed in

surface chemistry. To document implant stability changes resonance frequency analysis

(RFA) was performed at implant insertion, at 7, 14, 21, 28, 35, 42, 49, 56, 70 and 84 days

thereafter. RFA values were expressed as an implant stability quotient (ISQ).

Results: Immediately after implant installation, the ISQ values for both surfaces tested were

not significantly different and yielded mean values of 73.8 " 5 for the control and

72.7 " 3.9 for the test surface. In the first 2 weeks after implant installation, both groups

showed only small changes and thereafter a decreasing trend in the mean ISQ levels. In the

test group, after 28 days a tendency towards increasing ISQ values was observed and 42

days after surgery the ISQ values corresponded to those after implant insertion. For the

SLA-control group, the trend changed after 35 days and yielded ISQ values corresponding

to the baseline after 63 days. After 12 weeks of observation, the test surface yielded

significantly higher stability values of 77.8 " 1.9 compared with the control implants

of 74.5 " 3.9, respectively.

Conclusion: The results support the potential for chemical modification of the SLA surface

to positively influence the biologic process of osseointegration and to decrease the healing

time.

Traditionally, orthodontists have used

teeth, intraoral and/or extraoral appliances

to control anchorage – minimizing the

movement of certain teeth, while complet-

ing the desiredmovement of other teeth. In

the past decades, the orthodontic literature

has published numerous case reports and

scientific papers documenting the possibi-

lity of using several different types of tem-

porarily placed anchorage devices (TAD)

(Creekmore & Eklund 1983; Roberts

et al. 1990; Triaca et al. 1992; Bousquet

et al. 1996; Kanomi 1997; Umemori et al.

1999; De Clerck et al. 2002). These TADs

are anchored within the bone and subse-

quently removed after they have been used

for the purpose of enhancing orthodontic

anchorage or overcoming the limitations of

traditional anchorage. The anchorage, by

means of a TAD, allows an independence
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in terms of patient compliance (Creekmore

& Eklund 1983). In the early 1990s special

implants were introduced to serve as tem-

porary anchorage in the maxillary bone for

orthodontic reasons (Triaca et al. 1992;

Wehrbein et al. 1996).

In orthodontic treatment, the placement

of implants as an absolute anchorage device

facilitates and accelerates therapy (Trisi &

Rebaudi 2002), although a healing period

of at least 3 months is required after im-

plant insertion before orthodontic loading

(Wehrbein et al. 1996, 1998; Keles et al.

2003; Crismani et al. 2005a, 2005b). Espe-

cially in adult patients there is a growing

need to reduce this healing period.

In implantology, numerous efforts have

been made to simplify clinical procedures

and to reduce the healing period by using

new titanium surfaces that have the poten-

tial to shorten and improve the osseointe-

gration process (Buser et al. 2004; Oates

et al. 2007; Bornstein et al. 2008).

The main goal of these experimental

studies was to determine whether bone

apposition could be enhanced by new mi-

crorough titanium surfaces as compared

with the original implant surfaces utilized

in implant dentistry, such as machined or

titanium-plasma-sprayed (TPS) surfaces.

Various techniques have been used to

produce microrough titanium surfaces, in-

cluding sandblasting, acid-etching or com-

binations thereof, to modify surface

topography (Wieland et al. 2000). Among

these new surfaces, the sandblasted and

acid-etched (SLA) surface demonstrated

enhanced bone apposition in histomorpho-

metric studies (Buser et al. 1991; Cochran

et al. 1998), higher removal torque values

in biomechanical testing (Wilke et al.

1990; Buser et al. 1999; Li et al. 2002)

and demonstrated favourable results in

clinical examinations (Roccuzzo et al.

2001; Cochran et al. 2002; Bornstein

et al. 2003).

Clinical studies of dental implants, how-

ever, always deal with surrogate biological

endpoints (Karoussis et al. 2004). Palatal

implants, in contrast, are temporary ancho-

rage devices and are therefore subsequently

removed after therapy. As a consequence,

their loading time is shorter and is defined

by the preexisting treatment plan and the

end of the need for additional anchorage

(Männchen & Schätzle 2008). Palatal

implants therefore represent the only

implants in which explantations are af-

fected after clinical success. As they are

removed along with a small amount of

adjacent bone with a trephine after therapy,

palatal implants may offer the potential of

studying the early pattern of osseointegra-

tion in humans including later histological

analysis.

The aim of this randomized-controlled

clinical study was to examine the stability

patterns of palatal implants with a chemi-

cally modified sandblasted/acid-etched

(modSLA) titanium surface with enhanced

wettability as compared with a standard

SLA surface, during the early stages of bone

healing. The study hypothesis was that

there would be a difference in palatal im-

plant stability between implants with test

and control surfaces during the early heal-

ing period (12 weeks) following placement.

Material and methods

This randomized trial was designed to

prospectively assess implant stability

changes of standard SLA palatal implants

(Orthosystem
s

, Insitut Straumann AG,

Basel, Switzerland) relative to implants

having the same physical properties but a

chemically modified surface (SLActive
s

,

Institut Straumann). Clinical evaluation

of implant integration over time was per-

formed using resonance frequency analysis

(RFA) (Osstell; Integration Diagnostics,

Savedalen, Sweden).

Subjects

Forty adult volunteers (19 female and 21

male) were recruited and randomly as-

signed to the test group (modSLA surface)

and to the control group (SLA surface). The

mean patients age was 27.9 years, ranging

from 21.3 to 51.8 years. All participants

were in a good general health condition and

had no contraindications for minor oral

surgical procedures. The study protocol

had been approved by the local Ethical

Committee (SPUK ZZMK 06/04), State

of Zurich, Switzerland. Informed consent

was obtained from all participants.

Implant design and surface characterization

All implants were manufactured from

commercially pure titanium (Institut

Straumann). The implants were character-

ized by an identical cylindrical shape of the

commercially available palatal implants

and had an outer diameter of 4.1mm.

The enossal part was 4.2mm in length.

The control implants revealed a standard

SLA surface (sandblasted with large grits of

0.25–0.5mm and acid etched with HCl/

H2SO4) used in clinical practice today

(Roccuzzo et al. 2001; Cochran et al.

2002; Bornstein et al. 2003, 2005). Test

implants with the modSLA surface were

produced with the same sandblasting and

acid-etching procedure as the SLA surface

but were rinsed under N2 protection and

continuously stored in an isotonic NaCl

solution (Buser et al. 2004).

Clinical procedures

All endosseous implants had been inserted

into the maxillary bone in the midpalatal

area of the suture by the same blinded

surgeon (R.M.) according to the manufac-

turer’s guidelines for respective palatal

implants. Patients were instructed to avoid

any trauma around the areas of surgery and

to rinse the mouth with 0.2% chlorhex-

idine solution twice a day for 1 week.

Mechanical tooth brushing was avoided in

the surgical site for 2 weeks. After 1, 3, 7 or

12 weeks, five implants were harvested

using a standard trephine (5.5mm) for

further histological analysis (Schätzle

et al. 2010).

Methods of analysis

The palatal implants’ stability was mon-

itored using RFA (Ostellt, Integration

Diagnostics AB, Göteborg, Sweden) ac-

cording to Meredith et al. (1996). The

RFA was performed at implant insertion,

7 (n¼ 40), 14 (n¼ 30), 21 (n¼30), 28

(n¼ 30), 35 (n¼30), 42 (n¼30), 49

(n¼ 20), 56 (n¼ 10), 70 (n¼10) and 84

(n¼ 10) days after surgery. At each mea-

surement session, the healing cap had been

removed in order to provide access to the

implant. To avoid excessive torque mo-

ments and thus loosening of an implant, a

standardized torque of 10Ncmwas applied

with a torque-controlled ratchet when con-

necting the transducer (Smart Peg Type9,

Integration Diagnostics AB, Göteborg,

Sweden) to the palatal implant. RFA pro-

duced an implant stability quotient (ISQ),

which was recorded five consecutive times

on each implant at every time interval. ISQ

values indicated clinical stiffness with a

range from 1 to 100, with implant stability

Schätzle et al . Stability change of modified SLA titanium implants
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increasing as the ISQ value increased. It

has been found that ISQ measurements

show a high degree of repeatability (o1%

variation for individual implants) (Mere-

dith et al. 1996).

The primary outcome value was the

change in ISQ from the mean baseline

measurement for each implant. All mea-

surements were carried out by one-blinded

investigator (M.S.).

Statistical analysis

The response variable ISQ (with values

between 0 and 100 like a percentage) is

continuous and might be considered as

normally distributed (Kolmogorov–

Smirnov test). To decrease the patient-

specific variability and according to the

patient-specific situation, it is a good

clinical and statistical practice to transform

the original response to differences ‘obser-

vation – baseline’ (ISQ difference). This

continuous variable is again normally dis-

tributed (Kolmogorov–Smirnov test).

The aim of this study was to determine

whether there is a difference in the time-

dependent stability patterns for each of the

implant types. Therefore, analysis was

performed using a generalized linearmodel,

the Chow test (Chow 1960), with second-

ary outcomes characterized by descriptive

analyses (Johnston & DiNardo 1997;

Toutenburg 2002).

There are two main fixed factors Treat-

ment and Time (baseline through 12

weeks), with a possible interaction, and

the random factor Patient. The linear

mixed model was used to evaluate the

significance of these overall effects. How-

ever, because ISQ values decrease after

implantation before they begin to increase,

the main statistical problem to be tested in

this study was not amenable to a linear

mixedmodel analysis (Barewal et al. 2003).

The objective is to attain an earlier change

of the direction of the test group (modSLA

surface) with respect to the control group

(SLA surface).

Results

All 40 implants could be insertedwith high

primary stability, and a mean insertion

torque of 39.25Ncm (range: 30–55Ncm)

was applied. There was no correlation be-

tween insertion torque and ISQ values

irrespective of the implant surface. Before

releasing the transfer piece in all but one

SLA-surface palatal implant, a counter-

clockwise torque had to be applied to

remove the transfer piece. In the modSLA-

surface group, in contrast, a counter-clock-

wise torque had to be applied in only one

implant to remove the transfer piece. In all

cases, the counter-clockwise torque was

considerably lower than the insertion tor-

que. All the installed implants remained

stable at all time points of observation up to

the point of explantation.

The mean ISQ values and standard de-

viation at baseline and in the subsequent

time points of measurement are presented

in Table 1 and Fig. 1. At baseline, the

stability quotients for both surfaces tested

were not significantly different and yielded

mean ISQ values of 73.8 " 5 for the con-

trol implants and 72.7 " 3.9 for the test

implants, respectively. After 84 days (12

weeks) of observation, the test surface

attained significantly higher stability va-

lues of 77.8 " 1.9 compared with the

values of the control implants of 74.5 "
3.9, respectively. The individual ISQ

values for the SLA cohort as well as for

the modSLA group are shown in Figs 2 and

3. Both groups showed a fair homogeny in

the individual ISQ values. Except for one

palatal implant each of both groups, how-

ever, the changes over time differed signif-

icantly from the others. For the respective

SLA palatal implants, the ISQ changes over

time yielded higher changes (% 13.6 ISQ),

but their ISQ values remained within

the range. For the modSLApalatal implant,

in contrast, the ISQ changes over time

were even higher (% 18.6 ISQ) and their

ISQ values showed significantly lower

values. After 84 days (12 weeks), both

implants reached comparable stability

measurements.

As the absolute ISQ values were not of

primary interest and had only minor clin-

ical impact due to the high individual

effect, it is good clinical practice tomonitor

the changes over time by standardizing to

the deviations of ISQ from the baseline

(Table 2 and Fig. 4). In the first 14 days

after implant installation, both groups

showed only small changes in the ISQ

values (0.24–2.2 ISQ). Thereafter, the

SLA surface as well as the modSLA surface

showed a decreasing trend in mean ISQ

levels, reaching significantly lower values

(difference from baseline for the control

surface of % 2 " 3.3 and modSLA surface

of %1.5 " 6).

In the test group, however, a transition

point in the ISQ values was observed at

28 days after palatal implant installation.

For the SLA-control group, however, the

trend changed 1 week later, at 35 days.

After the transition point of ISQ differences,

Table 1. Mean ISQ values and standard deviation at baseline and subsequent time points
for SLA- and modSLA palatal implants

Group Day N Minimum Maximum Mean Standard
deviation

SLA 0 ISQ 20 65.2 84.2 73.79 5.0214
7 ISQ 20 63.4 85 74.41 5.3801

14 ISQ 15 66 84.2 75.867 5.8908
21 ISQ 15 65.6 81 74 4.9552
28 ISQ 10 64.6 79 69.66 4.4222
35 ISQ 10 64.2 77 69.02 4.1478
42 ISQ 10 65 79 69.9 4.6516
49 ISQ 10 64.6 80 70.54 4.9379
56 ISQ 5 66.4 77 71.2 4.0669
70 ISQ 5 68.6 77 72.56 3.3953
84 ISQ 5 69.4 79 74.48 3.9079

modSLA 0 ISQ 20 64 78.2 72.67 3.9402
7 ISQ 20 64 84 73.47 5.8097

14 ISQ 15 62.8 81 73 5.3442
21 ISQ 15 57.4 80 71.627 6.5356
28 ISQ 10 49.6 79.2 70.46 8.3026
35 ISQ 10 48 80.2 70.84 8.9581
42 ISQ 10 55 81.6 71.7 7.2524
49 ISQ 10 62.2 80.2 73.66 5.2688
56 ISQ 5 66.6 79 74 4.684
70 ISQ 5 74 79 76.56 1.9204
84 ISQ 5 75 80 77.8 1.8762

ISQ, implant stability quotient; modSLA, modified sandblasted/acid-etched.
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the ISQ increased significantly more over

time in the test than in the control group.

Forty days after installation, the modSLA

surface reached ISQ values corresponding

to those immediately after palatal implant

installation, whereas for the SLA surface it

took significantly longer, approximately 63

days.

The ISQ-difference values as well as

the mean ISQ values for the SLA surface

after 84 days (12 weeks) corresponded to

the values of the modSLA surface

attained after 56 days (8 weeks). But the

application of the Chow test did not

show sufficient statistically significant

difference.

Discussion

The purpose of this randomized-con-

trolled clinical study was to assess palatal

implant stability over time for two SLA

surfaces over the first 84 days (12 weeks)

following implant insertion. The main

focus was on the early stability changes

corresponding to the transition from

primary stability – caused by the implant

design – to biologic stability provided by

newly formed bone defined as osseointe-

gration (Berglundh et al. 2003). This

transition period is crucial regarding early

loading (Glauser et al. 2004; Raghavendra

et al. 2005).

To clinically assess implant integration,

RFA has been used to measure implant

stability. This technology was proven to

be capable of characterizing alterations in

implant stability during early healing and

is sensitive enough to identify differences

in longitudinal implant stability based on

bone density at the implant recipient site

(Barewal et al. 2003). The technique has

been demonstrated to be an accurate

method for early assessment of osseointe-

gration (Huang et al. 2003).

The significantly wider range in the

ISQ values shown by the two palatal

implants over time might be explained

Fig. 2. ISQ values differ for palatal implants with the SLA surface over time. ISQ,

implant stability quotient; SLA, sandblasted/acid-etched.

Table2. Mean ISQ values changes and standard deviation for SLA- and modSLA palatal
implants by standardizing to the deviations from baseline

Group Day N Minimum Maximum Mean Standard
deviation

SLA 7 Difference to baseline 20 % 4.8 6 .24 3.1359
14 Difference to baseline 15 % 3 6.2 2.2 2.5467
21 Difference to baseline 15 % 3.6 4 .333 2.3924
28 Difference to baseline 10 % 9.6 1 % 1.98 3.3045
35 Difference to baseline 10 % 13.6 1.4 % 2.62 4.4974
42 Difference to baseline 10 % 12.8 1.8 % 1.74 4.3889
49 Difference to baseline 10 % 10.8 3.6 % 1.1 4.3279
56 Difference to baseline 5 % 8.8 4.4 % .68 5.4545
70 Difference to baseline 5 % 5.6 4.2 .68 4.1197
84 Difference to baseline 5 % 2.8 5.8 2.6 4.0125

modSLA 7 Difference to baseline 20 % 3.2 6.8 .8 2.769
14 Difference to baseline 15 % 4.4 5 .92 2.8484
21 Difference to baseline 15 % 9.2 4 % .453 4.0914
28 Difference to baseline 10 % 17 4.2 % 1.46 5.9517
35 Difference to baseline 10 % 18.6 5.2 % 1.08 6.6741
42 Difference to baseline 10 % 11.6 5.6 % .22 4.8511
49 Difference to baseline 10 % 4.4 5.6 1.74 3.087
56 Difference to baseline 5 6.2 3.76 2.2865
70 Difference to baseline 5 4 7.6 6.32 1.4464
84 Difference to baseline 5 5 8.4 7.56 1.4519

ISQ, implant stability quotient; modSLA, modified sandblasted/acid-etched.

Fig. 1. Mean ISQ values at baseline and at subsequent time points for SLA- and

modSLA palatal implants. ISQ, implant stability quotient; modSLA, modified

sandblasted/acid-etched.
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by unscrewing of the implant during the

early healing period on installing the trans-

ducer. All the implants, however, were

clinically stable at all time points and no

movement was detected while performing

the measurements.

The changes in implant stability ex-

pressed by ISQ-value differences over time

might reflect the biologic events associated

with the bone–implant interface. The

mean ISQ values increased from insertion

to day seven for the modSLA group and

from insertion to day 14 for the SLA

cohort. These higher ISQ values after the

implant insertion might be explained by

primary mechanical stability, achieved by

the press fit of the implant with a larger

diameter (4.1mm) compared with the dia-

meter of the last drill (3.5mm), while the

implant diameter was 4.1mm. (Schenk &

Buser 2000).

The mean ISQ value, thereafter, started

to decline significantly (Fig. 1). It might be

assumed that the decrease in ISQ values

would correspond to bone resorption,

whereas an increase would be associated

with bone formation. The faster decrease,

just 7 days after implant installation of the

modSLA surface, might be explained by its

surface wettable characteristics enhancing

the interaction between the implant sur-

face and the biologic environment (Kilpadi

& Lemons 1994).

After a small decrease (DISQ¼ % 1.5)

(Fig. 4) due to predominant resorptive

processes in the adjacent bone, the stability

of the test implants with the modified

SLA surface began to increase again after

a time point of 28 days (4 weeks). For the

control implants, however, the transition

point from bone resorption to apposition

corresponding to an increasing stability

was evident 35 days (5 weeks) after

implant installation. Considering the dif-

ferent starting points of resorptive pro-

cesses, however, it lasted for both the

modSLA goup and the control SLA group

21 days until biological stability occured.

This change in the stabilization pattern

with transition points after 28 and 35

days is later than that reported in a previous

clinical study using SLA palatal implants

only, in which the transition was observed

already after 21 days (Crismani et al.

2006).

The differences in the present study and

the previously mentioned study should be

interpreted with caution. The implants

installed by Crismani and coworkers were

the old Orthosystem
s

palatal implant

(Straumann AG) with a shoulder and a

smaller diameter. They have loaded their

implants a few days after installation and

showed lower ISQ values compared with

the present study. In contrast to the present

study, the measurements were performed

with a transducer long arm directly con-

nected to the implant. The ISQ values in

the present study started at a higher level

and showed a greater decrease (% 4.8 ISQ)

by reaching the transition point compared

with those for the old Orthosystem
s

(ap-

proximately %1.5 ISQ). In both studies, it

took almost 84 days (12 weeks) to reach

the initially measured values of the ISQ,

whereas for the mod SLA surface the va-

lues were reached already after 42–49 days

(6–7 weeks), indicating a significantly en-

hanced healing process.

As the design of the latest Orthoystem
s

palatal implant is comparable to regular

dental prosthetic implants and, therefore,

the changes in the implant stability pattern

during the early healing period might be

rather comparable. In a human clinical

study using dental implants with an SLA

surface (control) and a modSLA surface

(test), respectively, no difference was found

in the transition time points for the im-

plants placed in the posteriormaxillary area

(Oates et al. 2007). The transition point

was after 28 days for the test and the

control group. In the mandible, however,

Fig. 3. ISQ values differ for palatal implants with the modSLA surface over time.

ISQ, implant stability quotient; modSLA, modified sandblasted/acid-etched.
Fig. 4. Mean ISQ value changes in SLA- and modSLA palatal implants onstan-

dardization to the deviations from the baseline. ISQ, implant stability quotient;

modSLA, modified sandblasted/acid-etched.
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different transition points after 28 and 14

days, respectively, could be found for the

control and the test implants (Oates et al.

2007). The present findings correspond to

the clinical findings of dental implants in

the mandible and support the potential for

chemical modifications in a roughened

implant surface to alter biologic events

during the early transition from primary

to secondary stability.

Within the time period between the

transition point and 84 days (12 weeks)

after palatal implant insertion, the mean

ISQ value increased (Fig. 1). This may be

explained by the increase in reinforcement

of the preformed woven bone scaffold by

lamellar bone. Later, the bone quality is

improved because of the replacement of the

initially formed bone by mature lamellar

bone, which provides secondary implant

stability (Schenk & Buser 2000). This

would confirm that surface chemistry is a

key variable for peri-implant bone apposi-

tion, because it influences the degree of

contact with the physiologic environment.

Increased wettability, thus, enhances the

interaction between the implant surface

and the biologic environment (Kilpadi &

Lemons 1994) and leads to enhanced bone

apposition (Buser et al. 2004).

The working hypothesis was that che-

mically modified SLA implants have in-

creased healing potential when compared

with standard SLA implants. The chal-

lenge was to find an appropriate statistical

model for evaluation. From repeated mea-

sures, the mixed model analysis appeared

to be modelling an overall treatment effect

of a structural change in the data over time.

The Chow test is designed to be able to

detect this special treatment effect (i.e., a

decrease and a subsequent increase in ISQ)

and so was chosen as the most appropriate

statistical model. Similar statistical analy-

sis was used in a previous study (Oates

et al. 2007). The findings from that analysis

demonstrated differences in implant stabi-

lity and healing based on placement of the

implant in the maxilla or the mandible.

This finding is suggestive of differences in

bone quality between arches affecting im-

plant stability. Similar findings of interarch

variations in implant stability, with greater

changes in stability in the mandible than

the maxilla, have been reported previously

(Bischof et al. 2004; Oates et al. 2007).

However, this is in contrast to previous

investigations, in which implants placed

in less dense bone types tended to have

greater changes in stability (Friberg et al.

1991; Meredith et al. 1996; Barewal et al.

2003). The contrasting findings between

studies are suggestive of unique aspects of

bone quality that affect bone metabolism

beyond clinical assessments of bone density

or implant stability and remain to be eluci-

dated. Based on the present findings, it

could be demonstrated that the palatal

area tend to show results similar to those

of the mandible (Oates et al. 2007), which

is in accordance with the characteristics of

their bone quality.

Dental implants, however, always deal

with surrogate biological endpoints

(Karoussis et al. 2004). Palatal implants,

in contrast, are temporary anchorage de-

vices and subsequently removed after ther-

apy. Palatal implants represent the only

implants in which Palatal implants repre-

sent therefore the only implants in which

explantation are effected after clinical suc-

cess (Männchen & Schätzle 2008). As they

are removed along with a small amount of

adjacent bone with a trephine after ortho-

dontic loading, palatal implants may offer

the potential of studying the early pattern

of osseointegration in humans including

later histological analysis. Therefore, a

randomized-controlled clinical study was

designed to elucidate the pattern of osseoin-

tegration and stability change. The present

results could confirm the palatal area as

a potential experimental human implant

site.

In conclusion, this study supports the

potential for chemical modifications in a

roughened implant surface to positively in-

fluence biologic events during the early

osseointegration process. These alterations

may be associatedwith an enhanced healing

process, which may lead to alterations in

clinical loading protocols for dental implant

therapy. However palatal implants, are tem-

porary anchorage devices and usually re-

moved along with adjacent bone after use

with a trephine, these types of implant can

be used for further clinical studies including

human histological analysis.
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Abstract

Aim: The purpose of this prospective cohort study was to assess the survival and success

rates of palatal implants.

Material and methods: Seventy patients (56 female, 14 male; age 25-6 " 10-8 years)

receiving Orthosystem
s

(Straumann AG, Basel, Switzerland) palatal implants from March

1999 to November 2006 were included. The indication was established according to the

required anchorage for orthodontic therapy. All implants were placed in a mid-sagittal,

median or paramedian palatal location by the same surgeon. They were orthodontically

loaded after a healing period of 8–16 weeks (Mean: 12.8 weeks).

Results and discussion: Of the initially 70 consecutively admitted patients, two implants in

two patients were not primary stable after installation and had to be removed. Of the 70

initially installed palatal implants, 67 implants or 95.7% osseointegrated successfully and

were loaded actively and/or passively for approximately 19 months. Only one implant of the

67 osseointegrated implants lost its stability under orthodontic loading. By the time of re-

evaluation, 20 palatal implants were still used for orthodontic therapy, while 46 implants

had been removed after completed orthodontic therapy. By only analyzing those, the

success rate of the initially installed implants was 92%.

Conclusions: Orthodontic palatal implants with a rough surface are predictable and highly

reliable devices for a multitude of maxillary orthodontic treatment options. The survival

and success rates for palatal orthodontic implants are comparable to dental implants

installed for dental prostheses.

Numerous case reports and clinical trials

have been published documenting the pos-

sibility of using different types of tempora-

rily placed anchorage devices (TAD) fixed to

bone, which are subsequently removed after

their use for the purpose of enhancing

orthodontic anchorage or overcoming the

limitations of traditional anchorage. The

anchorage by means of a TAD permits an

independency of patient compliance (Creek-

more & Eklund 1983) either by supporting

the teeth of the reactive unit or by obviating

the need for a reactive unit altogether.

Because regular orthodontic patients

have a full dentition or extraction sites to

be closed, no edentulous alveolar bone

sections are available for the insertion of

an implant. As a consequence, implants for

orthodontic anchorage purposes must be

placed in other topographical regions. In

the early 1990s special implants have been

introduced to serve as temporary anchorage

in maxillary bone for orthodontic reasons

(Triaca et al. 1992; Block & Hoffmann

1995; Wehrbein et al. 1996). Both the mid-

sagittal (Triaca et al. 1992; Wehrbein et al.
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1996) and paramedian (Bernhart et al. 2000,

2001) regions of the hard palate have been

proposed for this kind of implant placement.

Even though palatal implants have been

used in orthodontic treatment for more

than a decade (Wehrbein et al. 1996), there

exists only one prospective study of nine

patients demonstrating successful osseoin-

tegration and stability in all patients (Wehr-

bein et al. 1999). Moreover, Bantleon et al.

(2002) published a subjective report of 40

Orthosystem
s

palatal implants and indi-

cated a 92% early survival rate of osseoin-

tegration and loading. So far, there is only

one scientific report on the success rate of

loaded palatal implants (n¼4) that were

removed after completion of the orthodon-

tic treatment (Wehrbein et al. 1998). Re-

sults on any larger number of palatal

implants have not been published.

The aim of the present prospective study

was to assess the rates of osseointegration

as well as the survival rates of loaded

palatal implants.

Material and methods

Seventy-one consecutively admitted pa-

tients (56 females, 15 males) (Table 1)

receiving the first generation of Orthosys-

tem
s

palatal implants (Straumann AG,

Basel, Switzerland) for orthodontic treat-

ment purposes from March 1999 to No-

vember 2006 were included in this

prospective study.

The orthodontic indication for implant

placement was established according to the

required anchorage situation in order to

achieve the intended treatment goal. Before

placing palatal implants, the vertical bone

volume along the palatal suture was as-

sessed in lateral cephalograms (Fig. 1)

(Wehrbein et al. 1999). Only in one case

of reduced palatal bone height and an im-

pacted upper canine, CT-scans were per-

formed to evaluate possible insertion sites

(Bernhart et al. 2000).

All endosseous implants were placed by

the same surgeon (R.M.) according to the

Straumann
s

guidelines for respective pala-

tal implants. After injecting a local an-

esthesia, the palatal mucosa was removed

with a punch and an elevator. The cortical

bone was marked in the center of the

intended implant site with a round drill,

the hole for accommodating the implant

was drilled by the use of spiral drills (2.2

and 2.8mm) and the shoulder was prepared

with the ortho-profile drill. The self-tap-

ping implant was inserted by hand with a

ratchet. In growing patients the palatal

implants were inserted in paramedian

regions to avoid possible developmental

disturbances of the palatal suture (Glatz-

maier et al. 1995; Wehrbein et al. 1996;

Asscherickx et al. 2005) (Table 1). Based on

stability criteria (Buser et al. 1990), all

implants that were primary stable after

installation were considered for further

evaluation. The non-stable implants were

removed and palatal implants were, again,

inserted at a later date. However, such non-

stable but replaced implants were elimi-

nated from further evaluation.

After the healing period, an alginate im-

pression of the implant and maxillary den-

tition was taken in order to obtain a master

cast for designing the supraconstruction,

including the orthodontic mechanics.

This customized construction was fixed

on the abutment in a rotationally stable

manner using the internal hexagon of the

ortho-cap. The orthodontic mechanical

forces either affected the implant directly

(activemovement of the first molars by the

use of 0.018 % 0.025 in. stainless steel sec-

tional wires) or indirectly via the stabilized

molars (0.021 % 0.025 in. stainless sec-

tional wires) (Männchen 1999) (Fig. 2).

All implants used in these patients were

of the same type: single-unit self-tapping

Table1. Frequency distribution of mean age ( " SD), sex, implantation site and healing time before orthodontic loading for installed
implants

Implant dimension
(mm)

N Mean age " SD Sex Implantation site Mean healing time in weeks " SD
(before orthodontic loading/failure)

Male Female Median Paramedian

Length: 4
Diameter: 3.3

18n 26-1 " 10-6
median: 26-7

3 15n 4 14n 12.5 " 3.7 Minimum: 2
Maximum: 20

Length: 4
Diameter: 4

10 23-10 " 11-5
median: 20-9

1 9 1 9 12.2 " 2.1 Minimum: 8
Maximum: 15

Length: 6
Diameter: 3.3

42 20-9 " 10-6
median: 16-5

10 32 5 37 12.9 " 4.1 Minimum: 3
Maximum: 25

70 22-6 " 10-8
median: 17-6

14 56 10 60 12.7 " 3.8 Minimum: 2
Maximum: 25

nThree out of 70 (4.3 %) installed implants did not successfully osseointegrate.

Fig. 1. Most implants are clinically stable when

their entry point into the cortical bone is between

the anterior-posterior level of the maxillary first

and second premolars – perpendicular to the palatal

surface.

Fig. 2. Supraconstruction consisting of a yoke shaped

palatal bar made of 0.36 % 0.72 in. heat-treatable Re-

maloy (Dentauraum Inc., Ispringen, Germany) stain-

less with 4.5mm 0.022 % 0.28 in. rectangular tubes1

at each end and 0.2200 Damon (Ormco Cooperation,

Glendora, CA, USA) brackets welded to the palatal

aspect of the molar bands. Tubes and brackets are

interconnected by sectional wires. (Männchen 1999).
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made of pure titaniumwith a length of 4 or

6mm, a diameter of 3.3 or 4mm, grit-

blasted and acid-etched intraosseous sur-

face and a highly polished neck of 2.5mm

(Orthosystem
s

) (Table 1).

After completion of the orthodontic treat-

ment the palatal implants were removed

using a standard trephine of 5.5mm.

Osseointegration was defined as suc-

cessful when at the time of taking an

alginate impression for the supraconstruc-

tion, the implant showed absence of mobi-

lity and absence of persistent subjective

complains (Buser et al. 1990).

The loading time was calculated based

on the time period between insertion of the

supraconstruction and its removal after

achieving the intended anchorage needed

or the end of November 2006, respectively,

if the implant was still in use.

The success rate was calculated for pa-

tients with removal of the supraconstruc-

tion on the basis of absence of mobility

throughout the entire loading time.

Statistical analysis

Descriptive statistics for all clinical para-

meters were performed after grouping the

implants into three groups: all implants

inserted, successfully osseointegrated im-

plants and implants with completion of the

intended orthodontic anchorage purposes.

Results

All implants inserted

Initially 71 consecutively admitted patients

were recruited for this study (15 males and

56 females). One male person could not be

included into the study due to smoking

abuse and severe wound healing disorders

after a molar extraction. Out of the 70

patients included, two implants in two pa-

tients had to be removed 10 and 19 days

after installation due to inadequate primary

stability. These were replaced in a slightly

different location after a healing period of 4

months. Osseointegration thereafter was

successful. Nevertheless, these two im-

plants are interpreted as failure and hence

are not considered for further evaluation.

Only one or 1.5% out of the 68 primary

stable palatal implants did not successfully

osseointegrate and was lost before loading.

This 4mm in length and 3.3mm in dia-

meter implant was lost spontaneously ap-

proximately 2 months after implant

insertion (Table 1). During the whole heal-

ing period, this patient complained about

pain in the incisal region. The overall

survival rate of osseointegration of the 68

implants was 98.5%.

Successful osseointegration

In all 67 patients (mean age 22 years 6

months " 10 years and 9 months) with

successfully osseointegrated palatal im-

plants that were clinically stable after a

mean healing time of 12.7 (SD: 3.9) weeks

(Table 1), an alginate impression was taken

in order to obtain amaster cast for designing

the individualized, rotationally stable supra-

construction. After installation of this, 25

implants or 37.3% were loaded actively, 29

implants or 43.3% were used for passive

stabilization and 13 implants (19.4%) were

used for both purposes, respectively.

By November 2006 and after a mean

loading time of 18.8 months, all but one

or 98.5% of the 67 osseointegrated palatal

implants remained stable under orthodon-

tic loading.

Implants at the removal of the
supraconstruction (success rate)

By the time of re-evaluation, 20 Orthosys-

tem
s

implants were still in situ and under

orthodontic loading. In 47 patients (mean

age 23 years 4 month " 10 years 3

month), the supraconstruction had been

removed due to completion of the ortho-

dontic anchorage needed or implant failure

after successful osseointegration (Table 3).

One patient refused the removal of the

palatal implant after treatment.

The overall survival rate in this patient

cohort (n¼70) was 94.3%. It has to be

kept in mind, however, that 20 patients

still were in orthodontic treatment at the

completion of the study.

By analyzing the 46 implants success-

fully loaded and removed Orthosystem
s

palatal implants after completion of ortho-

dontic therapy only, the overall success

rate was 92% for a mean loading time of

21.4 months (two lost implants: one in the

early healing phase, one under loading).

Discussion

The purpose of this study was to assess the

survival rate of osseointegration and load-

ing of palatal implant and the success rate

of palatal implants with removal of the

supraconstruction after completion of the

intended orthodontic treatment.

Despite the small dimensions, orthodon-

tic implant anchoring devices must main-

tain positional stability under orthodontic

loading in order to serve as absolute ancho-

rage. Therefore, osseointegration is a pre-

requisite. Histological examination of

explanted human palatal orthodontic im-

plant bone specimens revealed that os-

seointegration is maintained during long-

term orthodontic loading under clinical

conditions (Wehrbein et al. 1998). This

suggests that an adequate anchorage to

withstand orthodontic loading can also be

achieved with these small implants.

In some cases, there may be a premature

loss of the implant before orthodontic load-

ing. This loss may be attributed to the lack

of adequate primary stability. Insufficient

primary stability causes connective tissue

encapsulation and the possible premature

loss of the implant (Friberg et al. 1991;

Lioubavina-Hack et al. 2006).

There are substantial differences be-

tween orthodontic forces and occlusal load-

ing applied to implants. Orthodontic forces

are continuous and horizontal or oblique.

Occlusal loads, in contrast, are discontin-

uous and expected to be mainly along the

long axis of the implants/teeth. Therefore,

the effect of orthodontic loading to the

adjacent bone of the implant is of great

interest. The applied forces should not have

a negative impact on the peri-implant bone

and impair the long-term prognosis of the

implant. In an experimental study, oral

implants were inserted in monkeys and

subjected to well-defined continuous load-

ing (Melsen & Lang 2001). None of the

implants had lost osseointegration after 11

weeks of loading, but loading significantly

influenced the turnover of the alveolar

bone in the vicinity of the implants.

When the strain exceeded a threshold, the

remodeling of the bone resulted in a net

loss. It may be speculated that the reason

for the one and only failure of a successfully

osseointegrated implant in this study could

be attributed to a unilateral heavy and

excessive orthodontic loading.

Most of the implant studies reporting on

survival and failure rates of implants, deal

with surrogate biological endpoints (Kar-

oussis et al. 2004) or technical failures
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(Pjetursson et al. 2007). But there are sub-

stantial differences between a success of

prosthetic implants and temporary ancho-

rage devices. As prosthetic implants have

an uncertain clinical endpoint (death of the

patient), a clinical success starts with the

installation of the prosthetic unit.

Palatal implants, however, are tempor-

ary anchorage devices and usually removed

after use. As a consequence, their loading

time is shorter and defined by the pre-

existing treatment plan and the end of the

need for additional anchorage. Success is

not achieved by the installation and loading

over time, however, but by the removal of

the supraconstruction. Therefore, the com-

parison of survival and success rates of

prosthetic dental implants with those of

temporary anchorage devices is limited.

Concerning these limitations, just the

‘early failures’ during the healing period

can be directly compared with prosthetic

implants. In the present study, one implant

did not fulfill the criterion of success at the

completion of the healing period. This low

failure rate is consistent with results

reported for short epithetic implants

(Bernhart et al. 2001) and prosthetic

implants (Buser et al. 1997).

The long-term success rates for dental

implants are generally indicated between

88% and 96% after 6–14 years (Berglundh

et al. 2002).

This report documented a successful

loading rate of 98.5% after approximately

19 months (Table 2) of orthodontic use of

palatal implants. This rate is higher than

the 90% success rate of 20 similar and

early loaded Orthosystem
s

palatal im-

plants (Crismani et al. 2006) and for 21

short epithetic implants with a machined

surface loaded for approximately 23

months (84.8%) (Bernhart et al. 2001).

There is one report of 40 Orthosystem
s

palatal implants indicating a 92% early

success rate of osseointegration and loading

(Bantleon et al. 2002).

As there is no existing study analyzing

the successfully loaded implants with com-

pletion of the orthodontic treatment, the

present study is the first analyzing 46

successfully loaded and removed Orthosys-

tem
s

palatal implants and reporting a suc-

cess rate of 92% (two implants lost: one

during early healing phase, one under load-

ing, Table 3).

During the last decade, an increasing

number of articles have been published on

the use of micro-implants or mini-screws

(Kanomi 1997; Costa et al. 1998). This

type of anchorage is not suitable for the

application of anchorage moments. Only

simple forces may be applied demanding a

perfect positioning in relation to the desired

tooth-movement. Although the palatal im-

plants used in this study had slightly smal-

ler dimensions than traditional dental

implants, it could clinically be shown

that they are able not only to resist forces

but also moments in the horizontal dimen-

sion. This shows their superiority to the

micro-implants in the maxilla.

In conclusion, orthodontic palatal im-

plants, such as the Orthosystem
s

(Strau-

mann AG), with a rough surface and

rotation resistant supraconstruction pro-

vide a new dimension in orthodontic an-

chorage as they reduce the need for patient

Table2. Frequency distribution of mean age ( " SD), sex, implantation site, type of load and mean loading time for successfully loaded
implants

Implant dimension
(mm)

N Mean Age " SD Sex Implantation site Type of Loading Mean loading time of the
supraconstruction in month " SD

Male Female Median Paramedian Active Passive Both

Length: 4
Diameter: 3.3mm

16 26-7 " 10-6
median: 27-0

3 13n 3 13n 8n 6 2 21 " 11.1 Minimum: 5
Maximum: 50

Length: 4
Diameter: 4

9 24-6 " 11-9
median: 22-7

1 8 1 8 5 1 3 23 " 15.3 Minimum: 1
Maximum: 56

Length: 6
Diameter: 3.3

42 20-9 " 10-6
median: 16-5

10 32 5 37 12 22 8 17.1 " 9.31 Minimum: 1
Maximum: 37

67 22-8 " 10-6
median: 17-6

14 53 9 58 25 29 13 18.8 " 10.7 Minimum: 1
Maximum: 56

nOne implant of 4mm diameter and 3.3mm length in a female patient lost its stability after a 5 month unilateral loading time and had to be removed.

One or 1.5% of 67 successfully osseointegrated implants did not remain stable under loading.

Table3. Frequency distribution of mean age ( " SD), sex, implantation site, type of load and mean loading time for successfully loaded
implants with removal of the supraconstruction due to completion of the orthodontic anchorage need or implant failure

Implant dimension
(mm)

N Mean Age " SD Sex Implantation site Type of Loading Mean loading time of the
supraconstruction in months " SD

Male Female Median Paramedian Active Passive Both

Length: 4
Diameter: 3.3

13n 25-4 " 10-3
median: 24-1

3 10n 4 9n 7n 5 1 23.9 " 10.1 Minimum: 5
Maximum: 50

Length: 4
Diameter: 4

7 23-8 " 13-2
median: 18-11

1 6 1 6 2 4 1 22.4 " 6.1 Minimum: 16
Maximum: 31

Length: 6
Diameter: 3.3

27 22-3 " 9-8
median: 17-7

6 21 3 24 5 16 6 20.6 " 7.6 Minimum: 9
Maximum: 37

47 23-4 " 10-3
median: 18-11

10 37 8 39 14 25 8 21.4 " 8.4 Minimum: 5
Maximum: 50

nOne implant of 4mm diameter and 3.3mm length in a female patient lost its stability after a 5 month unilateral loading time and had to be removed.

20 of 67 successfully loaded implants are still in use and therefore not considered for this evaluation.

One or 2.1% of 47 removed implants did not remain stable under loading.
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compliance and offer increased clinical

flexibility and effectiveness. These tempor-

ary anchorage devices are providing reliable

absolute orthodontic anchorage and hence,

are considered to be superior to any ortho-

dontic tooth-borne anchorage device.

Nevertheless, it must be kept in mind

that this kind of skeletal anchorage has

no skeletal growth modification potential

and must therefore be carefully considered

vs. extraoral or functional appliances in

growing individuals.
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Abstract

Aim: The purpose of this study was to systematically review the literature on the survival

rates of palatal implants, Onplants
s

, miniplates and mini screws.

Material and methods: An electronic MEDLINE search supplemented by manual searching

was conducted to identify randomized clinical trials, prospective and retrospective cohort

studies on palatal implants, Onplants
s

, miniplates and miniscrews with a mean follow-up

time of at least 12 weeks and of at least 10 units per modality having been examined

clinically at a follow-up visit. Assessment of studies and data abstraction was performed

independently by two reviewers. Reported failures of used devices were analyzed using

random-effects Poisson regression models to obtain summary estimates and 95%

confidence intervals (CI) of failure and survival proportions.

Results: The search up to January 2009 provided 390 titles and 71 abstracts with full-text

analysis of 34 articles, yielding 27 studies that met the inclusion criteria. In meta-analysis,

the failure rate for Onplants
s

was 17.2% (95% CI: 5.9–35.8%), 10.5% for palatal implants

(95% CI: 6.1–18.1%), 16.4% for miniscrews (95% CI: 13.4–20.1%) and 7.3% for miniplates

(95% CI: 5.4–9.9%). Miniplates and palatal implants, representing torque-resisting

temporary anchorage devices (TADs), when grouped together, showed a 1.92-fold (95% CI:

1.06–2.78) lower clinical failure rate than miniscrews.

Conclusion: Based on the available evidence in the literature, palatal implants and

miniplates showed comparable survival rates of "90% over a period of at least 12 weeks,

and yielded superior survival than miniscrews. Palatal implants and miniplates for

temporary anchorage provide reliable absolute orthodontic anchorage. If the intended

orthodontic treatment would require multiple miniscrew placement to provide adequate

anchorage, the reliability of such systems is questionable. For patients who are undergoing

extensive orthodontic treatment, force vectors may need to be varied or the roots of the

teeth to be moved may need to slide past the anchors. In this context, palatal implants or

miniplates should be the TADs of choice.

Anchorage is one of the limiting factors in

orthodontics, and its control is essential for

successful treatment outcomes. The term

‘orthodontic anchorage’ denotes the nature

and degree of resistance to displacement

offered by an anatomic unit. According to

the intended treatment goals, desired tooth

movements should, therefore, be maxi-

mized, and undesirable effects should be

minimized. Traditionally, orthodontic ther-

apy used teeth, extraoral and/or intermax-

illary appliances for anchorage. Since a

patient’s cooperation is not always optimal

(Nanda & Kierl 1992), temporary anchorage
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devices (TAD) (Daskalogiannakis 2000)

have been introduced. TADs are anchored

in bone and removed after completion of

the intended orthodontic tooth movement.

They are designed to overcome the limita-

tions of conventional orthodontic ancho-

rage devices (COADs). Anchorage by

means of TADs allows independence in

relation to patient compliance (Creekmore

& Eklund 1983) either by supporting the

teeth of the reactive unit or by obviating

the need for a reactive at large.

Usually, orthodontic patients present a

complete dentition or with extraction sites

to be closed. No edentulous alveolar bone

ridges are generally available for the inser-

tion of TADs. As a consequence, these

must be placed in topographical regions

distant to the main area of action.

New additional insertion sites have been

offered by the introduction of length-

reduced mid-palatal orthodontic anchorage

devices such as titanium flat screws (Triaca

et al. 1992), resorbable orthodontic implant

anchors (Glatzmaier et al. 1995), T-shaped

orthodontic implants (Wehrbein et al.

1996) (Orthosystem
s

, Institut Straumann,

Waldenburg, Switzerland) and the Graz

implant-supported pendulum (Byloff et al.

2000). Diameter-reduced temporary ortho-

dontic anchorage devices such as minis-

crews (o2mm) in various lengths (Kanomi

1997; Costa et al. 1998) and titanium pins

(Bousquet et al. 1996) are inserted into the

alveolar bone and L-shaped miniplates

with the long arm exposed into the oral

cavity (Umemori et al. 1999), and bollard

anchors (De Clerck et al. 2002) are fixed by

bone screws in supra-apical regions. An-

other device, the Onplant
s

(Nobel Biocare,

Zurich, Switzerland) (Block & Hoffman

1995), placed subperiostally, was supposed

to adhere to bone.

Having used these TADs for more than a

decade, numerous case reports and scienti-

fic papers have been published document-

ing the clinical feasibility of the TADs

mentioned. In contrast to prosthetic oral

implants, the literature exploring the sur-

vival and failure rates of orthodontic TADs

has not been evaluated systematically.

Therefore, the aim of the present sys-

tematic review was to determine the survi-

val and failure rates of palatal implants,

mini screws, miniplates and onplants. The

focused question to be answered was:

‘What are the survival and failure rates of

the orthodontic TADs after a functional

period of at least 12 weeks.’

Material and methods

AMedline (PubMed and Ovid) search from

1966 up to and including January 2009 was

conducted for English language articles

limited to human studies published based

on the following searching terms: ‘mini

screw’, ‘miniscrew’, ‘micro screw’, ‘micro-

screw’, ‘micro implant’, ‘microimplant’,

‘mini implant’, ‘miniimplant’, ‘palatal im-

plant’, ‘miniplate’ and ‘onplant’.

Manual searches of the bibliographies of

all full-text articles and related reviews,

selected from the electronic search, were

additionally performed. Furthermore, the

following journals were searched manually

for the years 2004 to January 2009: Clin-

ical Oral Implants Research, European

Journal of Orthodontics, American Jour-

nal of Orthodontics and Dentofacial

Orthopedics, Angle Orthodontist, Journal

of Clinical Orthodontics, Journal of Oro-

facial Orthopopedics, Journal of Adult

Orthodontics and Orthognathic Surgery

and International Journal of Oral & Max-

illofacial Implants.

From these searches, it was obvious that

there were no randomized-controlled clin-

ical trials (RCTs) available comparing all

the different types of TADs. However,

there were two RCTs comparing TADs

(Onplants
s

and palatal implants) with

compliance-dependent COADs (Feldmann

& Bondemark 2008; Sandler et al. 2008)

and one RCTcomparing two different min-

iscrew types (Wiechmann et al. 2007).

Inclusion criteria

In the absence of RCTs comparing all

different types of TADs with each other,

this systematic review was based on the

few (three) available RCTs with limited

impact and all prospective or retrospective

cohort studies. The additional inclusion

criteria for study selection were:

$ mean TAD loading time of at least 12

weeks;

$ publications reported in English;

$ included patients had been examined

clinically at the follow-up visit, i.e.

publications based on patient records

only, on questionnaires or interviews

were excluded;

$ reported details on the screw types

used.

Selection of studies

Fig. 1 describes the search strategy used to

identify relevant studies selected for this

review. Titles and abstracts of the Medline

searches were initially screened by two

independent reviewers (R.M. and M.S.)

for possible inclusion. From a yield of 390

titles, 71 were selected for abstract screen-

ing (Fig. 1). The agreement between the

reviewers using k-statistics was 96.2%.

The full text of all studies of possible

relevance (34) was then obtained for inde-

pendent assessment by the two reviewers.

Any disagreement was resolved by discus-

sion.

Data were extracted independently by

the same two reviewers using a data ex-

traction form.

Excluded studies

Of the 34-full-text articles retrieved, seven

were excluded from the final analysis. The

main reasons for exclusion were a mean

observation period of o12 weeks, loading

timewas not clearly indicated, less than 10

units per modality in the study and multi-

ple publication of the same cohort in dif-

ferent scientific journals at different time

points.

Data extraction

Information on the proportions of biolo-

gical and technical complications was

retrieved on the 27 studies included. Bio-

logical complications included distur-

bances in the function of the skeletal

anchorage device leading to any early re-

moval of the anchorage device before the

end of the intended orthodontic treatment

or observation period. Healing or incorpora-

tion failures were also included in this

category. Technical complications were

not reported in any of the studies, and

therefore could not be assessed separately.

From the 27 included studies, the num-

ber and percentage of failures was ex-

tracted. Disagreement regarding data

extraction was resolved by consensus.

Statistical analysis

Failure rates were calculated by dividing

the number of events (failures) after at least

12 weeks of orthodontic loading in the
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numerator by the total number of each

TAD type in the denominator. For further

analysis, the total number of events was

considered to be Poisson distributed for a

given number of TADs, and Poisson re-

gression with a logarithmic link function

and total number of TADs per study as an

offset variable was used. To assess the

heterogeneity of the study-specific event

rates, the Spearman goodness-of-fit statis-

tics and associated P-value were calculated.

If the goodness-of-fit P-value was below

0.05, indicating heterogeneity, random-ef-

fects Poisson regression (with g-distributed
random effects) was used to obtain a sum-

mary estimate of the event rates. Summary

failure rate estimates and 95% confidence

intervals (CI) are reported.

To provide anchorage on either side of

the maxilla, only one palatal implant or

Onplant
s

was needed, whereas at least two

fixtures have to be installed if miniplates or

miniscrews are used.

To evaluate the possible failure of at least

one out of two fixtures, it was assumed

that failures of these objects may occur

independently. The probability to remain

free of failure was therefore calculated by

multiplying the probability that each object

remains free of failure: (1& riskobject1) '
(1& riskobject2). Therefore, the probability

of encountering at least one failure becomes

1& (1& riskobject1) ' (1& riskobject2).

The 95% CI limits for survival propor-

tions were calculated using the 95% con-

fidence limits of the event rates. All

analyses were performed using Stata
s

, ver-

sion 10.1 (Stata Corporation, College Sta-

tion, TX, USA).

Results

Onplants
s

There was only one article fulfilling the

inclusion criteria concerning Onplants
s

(Feldmann & Bondemark 2008). In this

RCT, five out of 29 onplants or 17.2%

(95% CI: 5.9–35.8%) failed (Table 1).

Microscrews/Microimplants andMiniscrews/
Miniimplants

Seventeen studies provided data on the

survival of 31 different types of miniscrews

(Table 2). A total of 2374 miniscrews

inserted in 1196 patients with a total of

363 or 15.3% failures could be analyzed

(Table 2). Seven studies reported results of

prospective cohort studies, whereas the

remaining 10 assessed their results retro-

spectively. Data of only one RCTcould be

extracted comparing two different screw

types (Wiechmann et al. 2007). However,

due to the lack of precise data reporting in

all these studies no conclusive statement of

survival and/or the failure rate of a specific

screw type (length and diameter) regarding

their favorable indication, insertion loca-

tion, insertion technique and type of load-

ing could be made.

Some reports provided detailed data on

the diameter and length of the inserted

miniscrews, while others pooled the results

of a specific miniscrew diameter with var-

ious lengths (Table 2). The mean follow-up

Table1. Study and patient characteristics of the reviewed study of Onplants
s

Author Kind of
study

Type of
TAD

Manu-
facturer

Diameter Number of
patients

Mean patient’s
age (years)

Number
of TADs

Number of
failures

Percent of
failures

Loading
time

Feldmann &
Bondemark
(2008)

RCT Onplant
s

Nobel
Biocare

s

7.7mm
titanium
disk

29 14 ( 1.53 29 5 17.2% Completion
of treatment

TAD, temporary anchorage devices; RCT, randomized controlled clinical trials.

First electronic search
390

Agreed both
71

Abstracts obtained

Discussion
27 Agreed on abstracts

Full text obtained

Total full text articles
34

Final Number of studies included
27

Further hand screening
7 studies

Independently selected by 2 Reviewers
74 

12 Discussion
3 Discarded

Fig. 1. Search strategy.
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time ranged between 120 days and more

than 1 year or completion of the intended

orthodontic treatment.

By meta-analysis, the failure rate (Fig. 2)

was estimated at 16.4% (95% CI 13.4–

20.1%). By analyzing the influence of

screw length and diameter, only the data

of screws with detailed characteristics were

considered. Three groups of diameter were

created, which basically separate these

three ‘clouds’ of diameter and length types

(Fig. 3). The miniscrews with a diameter of

2mm or more showed a significantly 1.8-

fold lower risk (95% CI: 1.1–3) of failing

than miniscrews of a diameter of 1.2mm

or less.

Palatal implants

One retrospective and five prospective co-

hort studies provided data fulfilling the

inclusion criteria on the survival and fail-

ure rate of palatal implants (Table 3). Two

out of these were RCTs comparing palatal

implants with conventional compliance-

dependent orthodontic anchorage (CDOA)

(Sandler et al. 2008) only or with CDOA

and Onplants
s

(Feldmann & Bondemark

2008). However, only one report evaluated

the clinical outcome of a larger number of

palatal implants (Männchen & Schätzle

2008). Data of a total of 190 palatal im-

plants with a follow-up time of at least 12

weeks up to more than 22 months or

completion of the intended orthodontic

treatment could be assessed. Nineteen or

10% out of 190 palatal implants did not

provide sufficient anchorage and were lost

early or before the time point of evaluation.

In meta-analysis, the failure rate for the

whole group of studies was estimated at

10.5% (95% CI: 6.1–18.1%) (Fig. 4).

Miniplates

Seven studies out of the 27 included reports

provided data on the survival and failure

rates of miniplates (Table 4). Two were

prospective cohort studies, and the remain-

ing five evaluated the material presented

retrospectively. A total of 586 miniplates

in 406 patients could be followed for at

least 120 days up to 1.5 years or comple-

tion of the intended orthodontic treatment,

respectively. Forty-three or 7.3% out of

16.4%  (95% CI: 13.4% - 20.1%)

Kuroda et al. 2007bmissing mm
Luzi et al. 2007missing mm

Justens et al. 2008missing mm
Miyawaki et al. 2003 2.3mm

Cheng SJ et al. 2004 2.0mm
Cheng SJ et al. 2004 2.0mm
Cheng SJ et al. 2004 2.0mm

Liou et al. 2004 2.0mm
Chen YJ et al. 2008 2.0mm
Chen YJ et al. 2008 2.0mm

Cheng SJ et al. 2004 2.0mm
Tseng et al. 2006 2.0mm
Tseng et al. 2006 2.0mm
Tseng et al. 2006 2.0mm

Garfinkle et al. 2008 1.6mm
Moon et al. 2008 1.6mm

Motoyoshi et al 2007 1.6mm
Wiechmann et al. 2007 1.6mm

Kuroda et al. 2007a 1.5mm
Miyawaki et al. 2003 1.5mm
Kuroda et al. 2007b 1.3mm
Kuroda et al. 2007a 1.3mm
Chen YJ et al. 2007 1.2mm
Chen CH et al. 2006 1.2mm

Park et al. 2005 1.2mm
Park et al. 2006 1.2mm

Chen CH et al. 2006 1.2mm
Park et al. 2006 1.2mm
Park et al. 2006 1.2mm

Wiechmann et al. 2007 1.1mm
Miyawaki et al. 2003 1.0mm

0 10 20 30 40 50 60 70 80 90 100
Percentage of failures

Miniscrews

Fig. 2. Failure rates of miniscrews and summary estimate from meta-analysis and their 95% confidence

intervals (95% CI) by study.
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these did not remain stable and had to be

removed early. In meta-analysis, the fail-

ure rate (Fig. 5) was estimated at 7.3%

(95% CI: 5.4–9.9%).

On comparing miniplates, palatal im-

plants and miniscrews with each other,

none of them showed statistically signifi-

cantly higher survival rates than the other

due to the wide scattering within the

groups. However, when miniplates and

palatal implants representing torque-resist-

ing TAD were grouped together, they

showed a statistically significant 1.9-fold

(95% CI: 1.1–2.8, P¼ 0.005) lower clinical

failure rate than did miniscrews.

To achieve the same clinical anchorage

on both sides of the arch as with a palatal

implant (10.5% failure rate, 95% CI: 6.1–

18.1%), two minicrews or miniplates have

to be inserted. The probability of having at

least one failure, when two of these TADs

are installed in the maxilla, was 14.1%

(95% CI: 10.5–18.8%) for miniplates and

29.4% (95% CI: 24.3–36%) for minis-

crews, respectively.

Discussion

The purpose of this systematic review was

to evaluate the survival and failure rates of

skeletal TADs such as Onplants
s

, mini-

plates, palatal implants andmini- ormicro-

screws after a loading time of at least 12

weeks. No RCTs were available comparing

all types of these TADs. RCTs comparing

these four treatment modalities may be

difficult to conduct both from a logistic as

well as an ethical point of view since this

anchorage is usually chosen on specific

patient indications. In the absence of these

kinds of RCTs, a lower level of evidence,

i.e. RCTs comparing some TADs with

COAD and prospective and retrospective

cohort studies were included in this sys-

tematic review. TAD survival and failure

rates are only meaningful if anchorage is

provided at least for the major part of

orthodontic therapy. Hence, a minimal

period of 12 weeks of functional anchorage

was chosen in the evaluation.

Before the use of TADs, COADs offered

the only possibility for sufficient anchorage

to control undesired tooth movements.

The main disadvantage of many of these

devices was the fact that treatment out-

comes depended to a high degree on patient

compliance (Nanda & Kierl 1992). Hence,

the comparison of survival and failure rates

of the different types of TADs is of great

prognostic value in future orthodontic

treatment planning. But it has to be

remembered that TADs are usually inap-

propriate in growing patients in whom

influencing the skeletal growth is addition-

ally indicated.

10.5%  (95% CI: 6.1% - 18.1%)

Sandler et al. 2008

Männchen & Schätzle 2008

Jung et al. 2009

Feldmann & Bondemark 2008

Crismani et al. 2006

Arcuri et al. 2007

0 10 20 30 40 50 60 70 80 90 100
Percentage of failures

Palatal Implants

Fig. 4. Failure rates of palatal implants and summary estimate from meta-analysis and their 95% confidence

intervals (95% CI) by study.
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Therewere only two RCTs (Feldmann &

Bondemark 2008; Sandler et al. 2008)

comparing the efficacy of COADs with

TADs (palatal implants or Onplants
s

)

within the same patient cohort. One of

these studies reported significantly higher

proportions of failed palatal implants than

the other (Sandler et al. 2008). Most of the

failed palatal implants had been placed

during the initial phase of the investigation,

representing the results of a learning curve

of the surgeons involved with this ‘rela-

tively new’ technique. Similar problems

were encountered in one retrospective

study (Arcuri et al. 2007).

In contrast to conventional oral im-

plants, the orthodontic anchorage implants

of the time such as palatal implant yielded

an emergence profile with a 901 shoulder.
This bore the danger of ‘over-winding’ the

implant during installation with a subse-

quent loss of the primary stability. It is

obvious that such designed features made

the installation of palatal implants techni-

que sensitive. If the two studies mentioned

are eliminated from the analysis, palatal

implants showed a failure rate of only

6.7%. This is slightly below that reported

for miniplates[7.3% (95% CI: 5.4–9.9%].

In recent years, a new palatal implant

(with a modified, slightly concave, tulip-

shaped conical emergence profile) was de-

veloped with the purpose of reducing the

risk of over-winding the implant during

installation (Orthoimplant
s

, Straumann

AG, Basel, Switzerland). To date, only

one prospective cohort study is available

on this new generation of palatal implants

(Jung et al. 2009) reporting very favorable

survival rates (93.3%) (Table 3). Further-

more, a recently published experimental

human study on palatal implants with

this novel design (Schätzle et al. 2009)

yielded a high primary stability and a

100% survival for the whole observation

period. Considering all studies on palatal

implants, the meta-analysis presented a

mean failure rate of 10.5% (95% CI: 6.1–

18.1%), rendering this treatment a reliable

option with sufficient predictability for

routine clinical use (Fig. 3).

Compared with COAD (headgear, trans-

palatal arch), palatal implants provided

equal (compliant patients, Sandler et al.

2008) or statistically significantly better

clinical anchorage reinforcement (Feld-

mann & Bondemark 2008). There were

more technical problems and a signifi-

cantly higher failure rate with the On-

plant
s

system and hence the palatal

implant may be considered the anchorage

system of choice for TAD (Feldmann &

Bondemark 2008). Palatal implants were

better tolerated than Onplant
s

devices as

well as extraction of premolars in terms of

patient-centered outcomes (pain intensity,

discomfort and analgesic consumption)

(Feldmann et al. 2007).

After an observation period of at least 12

weeks, miniplates showed a slightly higher

success rate of 92.7% than palatal implants

(89.5%). It has to be realized, however,

that this difference was mainly caused by

early surgical failures in two studies men-

tioned above (Arcuri et al. 2007; Sandler et

al. 2008). A direct comparison of the effi-

cacy of miniplates with that of palatal

implants with respect to survival has not

been performed. Considering the fact that

two miniplates have to be installed instead

of one palatal implant to achieve the same

anchorage in the maxilla, the presumptive

risk for failure for the miniplates has to be

assumed at 14.1% (95% CI: 10.5–18.8%)

for the miniplates.

Even though the majority of the studies

included in this review deal with minis-

crews, there was no study describing clin-

ical or diagnostic criteria in relation to screw

length or screw diameter. Only one RCT

(Wiechmann et al. 2007) directly compared

two different screw diameters (1.1 and

1.6mm) of various lengths with each other.

A small screw diameter was identified as a

risk factor for failure. These findings are in

accordance with the results of this present

systematic review. An approximately two-

fold increased failure rate was identified for

miniscrews with a diameter of *1.2mm

compared with miniscrews with a diameter

of 2mm or more. Moreover, two other

single retrospective studies (Miyawaki et

al. 2003; Chen et al. 2007) came to the

same conclusion. But in contrast to another

retrospective study (Chen et al. 2006), this

RCT (Wiechmann et al. 2007) failed to

identify screw length as a possible risk

factor for failure. Too many different screw

lengths and insertion sites had been in-

cluded in the study, resulting in a wide

scattering of the data. However, it seems

to be important that the tipping moment at

the bone edge be considered (Büchter et al.

2005). These findings are in accordance

with data from two experimental implant

studies dealing with different force levels

(Melsen & Lang 2001; Hsieh et al. 2008).

Therefore, controlled clinical trials with

clear selection criteria for screw length and

diameter including the applied tipping mo-

ments should be encouraged.

The dynamics of TAD loss (loss over

time) is an important factor for decision

7.3%  (95% CI: 5.4% - 9.9%)

Miyawaki et al. 2003

Kuroda et al. 2007b

Cornelis et al. 2008

Choi et al. 2005

Cheng SJ et al. 2004

Chen CH et al. 2008

Chen CH et al. 2007

0 10 20 30 40 50 60 70 80 90 100
Percentage of failures

Miniplates

Fig. 5. Failure rates of miniplates and summary estimate from meta-analysis and their 95% confidence

intervals (95% CI) by study.
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making in orthodontic treatment planning.

The Kaplan–Meier analysis of Wiechmann

et al. (2007) showed that the major minis-

crew failures occurred within 100–150

days after the start of orthodontic loading.

At this point, a change in the treatment

plan may be difficult or impossible. With

respect to palatal implants, reports indicate

that implant loss occurred predominantly

in the unloaded healing period (Arcuri et al.

2007; Männchen & Schätzle 2008; Sandler

et al. 2008). This in turnmeans that once a

palatal implant is osseointegrated, no im-

plant loss is to be expected.

It is clear that the placement and removal

of a miniplate or a palatal implant is a more

complex procedure than that associated

with the installation of a miniscrew. The

surgical intervention for both devices is

generally well tolerated by the patients

(Kuroda et al. 2007b; Cornelis et al. 2008)

and pain intensity after surgical installation

of a palatal implant is less than that after

premolar extraction (Feldmann et al. 2007).

It seems that the greater flexibility and

torque resistance provided by palatal im-

plants andminiplates provides an advantage.

For example, during ‘en-masse’ move-

ment of an entire dental arch of 42mm,

placing a palatal implant in the maxilla or

two miniplates in the mandible would be

preferable to choosing miniscrew ancho-

rage. Palatal implants as well as miniplate

systems allow changes of the force vectors

without the need for repositioning of the

TAD. Palatal implants and miniplates are

associated with a statistically significant

1.9-fold lower risk (95% CI: 1.06–2.78) of

failure than miniscrews. Moreover, as

there is a chance that miniscrews do not

remain stationary under orthodontic forces,

a safety zone for root or nerve proximity

might be required (Liou et al. 2004; Wang

& Liou 2008). This could further restrict

possible insertion sites, limit the amount of

tooth movement and/or miniscrews have

to be repositioned several times during

treatment, further increasing the risk for

failures. For patients who are undergoing

extensive orthopedic corrections or other

treatments (maxillary/mandibular protrac-

tion or intrusion), the TADs are expected

to be in place for a long time. During this

time, force vectorsmay need to be varied or

roots of the teeth to be moved may need to

slide past the anchors. In this context,

palatal implants or miniplates should be

the TADs of choice.

It seems obvious that all TADs have the

potential to provide some kind of ancho-

rage, which enables orthodontic tooth

movements that might be impossible

with conventional anchorage methods.

However, no orthopedic effects can be

achieved in growing children, except for

autorotation of themandible due to vertical

manipulations of the buccal segments or in

combination with compliance-dependent

extraoral or intermaxillary forces.

In conclusion, the use of TADs really

expands the envelope of discrepancies in

which orthodontic treatmentmight be suc-

cessful. On the basis of this systematic

review it is concluded that for themaxillary

arch, palatal implants are a clearly superior

treatment option compared with all other

skeletal anchorage devices, whereas in the

mandible, miniplates yielded the most fa-

vorable results. Both palatal implants as

well as miniplates offer safe and effective

anchorage possibilities with a high survival

rate (490%), with few side effects or

problems during treatment. Palatal im-

plants as well as miniplates might simplify

orthodontic treatment and enhance the

possibility of treatments that might have

been considered unfeasible without skele-

tal anchorage. However, the relative effec-

tiveness, efficiency and indication list of all

different TADs used for various clinical

problems need to be evaluated further in

prospective controlled studies.
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