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INTRODUCTION 

Anchorage is a basic concept for orthodontic 
treatment.1 Poor anchorage control may increase 
treatment time and lead to an unfavorable out-

comes.2 Orthodontists were unable to have infinite 

or absolute anchorage (zero anchorage loss) to pre-

vent undesirable tooth movement till the emerge of 

orthodontic mini implants (MIs).1 
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ABSTRACT

Purpose: To evaluate the effect of anodization surface treatment on the stability of minimplants 
( MIs ) during en-masse retraction. 

Materials and Methods:  The sample of this split mouth; clinical trial, consisted of 27 patients 
with an allocation ratio of 1:1. Forty five MIs (1.8 mm diameter and 8 mm length) were divided 
into: 27 MIs with surface treatment by anodization technique while the other 27  were with smooth 
surface (group B). Finishing, leveling and alignment, the surface treated MIs and the smooth  ones 
were randomly inserted between the roots of maxillary 2nd bicuspid and 1st molar at the mucogin-
gival junction on both sides of each patient. After two weeks healing period, bilateral extraction of 
maxillary 1st bicuspids were done. Closed coil spring was extended from the MI head to along hock 
secured onto the main arch wire between the maxillary lateral incisor and canine on both sides, 
delivering 200 g force per side to en-masse retract the upper anterior teeth. The average observation 
period lasted 9–12 months. 

Results: In total, 40 of 54 minimplants were able to achieve the treatment goals. In group A, 
22 (81.5%) mini-screw implants presented long-term stability, while in group B, only 18 (66%) 
minimplants were stable throughout the treatment. This difference was statistically significant (P 
=.0311). The total success rate for all inserted miniscrew implants was 74%. 

Conclusion: Anodized surface treated orthodontic mini-screw implants are more stable than 
smooth surface one during en-mass retraction. 



(2950) Shaza Mohammad Hammad and Ahmad Mohammad HafezE.D.J. Vol. 63, No. 4

MIs had widened the horizon of orthodontic 
treatments. They allowed orthodontists to perform 
various treatment modalities that were considered 
extremely difficult, if not impossible such as, en-
masse retraction of anterior teeth and distalization 
of the whole dentition without loss of anchorage.3 

Stability of MIs is a key for successful 
orthodontic treatment specially when inserted in 
the inter-radicular areas between roots of the teeth 
and in long term loading cases to guard against 
displacement. This displacement might hit vital 
organs as nerves or contact neighboring roots and 
might indicate mid- treatment redirection for the 
MIs position.4,5

Treatment of the MIs surface by anodization was 
proven by Kim et al6 and Cho et al7 to be an efficient 
surface treatment technique. They revealed greater 
bone to implants contact and increased removal 
torque value of MIs treated by such technique com-
pared compared  to other surface treatment tech-
niques. 

Modification of MIs surface seems to be a 
promising factor for improving their stability and 
decreasing their failure rate. However, there was 
insufficient data or consensus about the comparison 
of the stability of surface treated and smooth surface 
MIs; heavily loaded for long duration Therefore, 
this study aimed to evaluate the effect of surface 
treatment on the stability of MIs during en-masse 
retraction. The null hypothesis was that there is no 
difference between the stability of surface treated 
and non-treated minimplants.

MATERIALS AND METHODS

This in-vivo study was a split mouth, randomized 
controlled clinical trial with an allocation ratio 
of 1:1. A sample of 27 Egyptian female patients 
seeking orthodontic treatment at the clinic of 

orthodontic department, Faculty of Dentistry, 
Mansoura University, were enrolled for this study. 
to:This study was done according to the Orthodontic  
Department research plan which was approved by 
the Faculty of Dentistry, Mansoura University’s 
Council.

The patients were randomly selected according 
to the following criteria: age ranged from 18-
20 years old, orthodontic treatment plan entailed 
absolute anchorage to en-mass retraction of  the 
maxillary anterior teeth in Angle’s class II division 
1 malocclusions, having no or mild crowding, no 
systemic disease, no history of using drugs altering 
bone metabolism and good oral hygiene.  The 
exclusion criteria were: any radiographic evidence 
of bone loss or pathologic diseases, evidence of 
periodontal or gingival problems at the beginning 
of orthodontic treatment, harmful oral habits like 
(thumb sucking and tongue thrusting), any history of 
trauma or systemic diseases  or previous orthodontic 
treatment. 

Before the beginning of treatment, orthodontic 
records were taken. Forty five smooth surface MIs*, 
8 mm length and 1.8 mm diameter made from bio-
compatible titanium alloy (Ti 6 Al 4 V) were used 
in this study (Figure 1). They were divided into two 
groups: the first group   (group A) had 27 MIs that 
were surface treated as described later, the 2nd group  
(group B) had 27 smooth surface MIs, left as they 
were supplied from the manufacturer  acting as a 
control group. 

For preparing the minimplants for surface treat-
ment, an anodization process was performed.  It 
is an electrochemical reaction where the MI was 
included in an electrical cell containing a mixture 
of 1 Mole H2SO4 and phosphoric acid (H3PO4)* 
as electrolytes.  Each MI was connected to anode, 
while the cathode was a platinum sheet. The dis-
tance between them was 4 cm without agitation at 

*3M Unitek, USA.
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room temperature. Both the cathode and anode were 
connected to a galvanostatic electrical source† set at 
300 Volt for 90 seconds. 6-9 The MIs were cleaned 
by copious stream of deionized water  for 3 minutes 
for each, then they were dried in hot dry oven for 
one hour at 80° c. The process pf anodization was  
performed at Faculty of science, Mansoura univer-
sity. After cooling, each MI was packed separately 
in tightly-sealed sterilization pouch ready for ster-
ilization.  Before insertion, MIs were sterilized by 
highly disinfection sterilization cycle, packed and 
stored in tightly closed container ready for insertion. 

Banding of upper and lower 1st molars and 
bonding of whole other teeth mesial to them by us-
ing preadjusted edgewise MBT prescription brack-
ets* (0.022 × 0.028 inch bracket slot) were done for 
each patient.

Since one of our inclusion criteria’s was that 
patients should have no or mild crowding. So, we 
postponed the extraction of the maxillary 1st bicus-
pids till after the insertion of MIs and immediately 
before starting the retraction stage. This allowed uti-
lizing the anchorage value of 1st bicuspids to short-
en the duration of leveling and alignment stage. It 

also accelerated the en- masse retraction through 
the freshly obtained socket (regional accelerated 
phenomena) and reduced the appearance of verti-
cal gingival groove formed between the retracted 
canines and the maxillary 2nd premolars10. 

Leveling and aligning stage was continued by 
another series of St.St. archwires till reaching to 
(0.019 × 0.025 In) St.St.  archwire which, was left 
for 4 weeks to ensure that the wire was passively 
seated in the whole bracket slots and bands, tube. 
Insertion of both types of MIs in the right and left 
sides of the patients were done randomly by opaque 
sealed envelopes method to prevent bias.

Insertion of MIs were done after finishing the 
leveling and alignment stage to be sure that roots’ 
parallelism were achieved to gain the sufficient 
space needed for safe insertion of MIs.  The space 
between maxillary 2nd bicuspids and 1st molars was 
evaluated by periapical radiograph for the availabil-
ity of sufficient mesio-distal width for safe insertion 
of MIs. A metal surgical locator was made of 0.5 
mm round St St wire and used for correct position-
ing of the MI. Periapical radiograph with parallel 
cone technique was taken to determine the accurate 
point for MI insertion. 

Locator was then removed; MI was ejected from 
its sterile packing, and loaded into the straight hand 
driven MI driver. The MI tip was contacted the buc-
cal alveolar bone at the correct insertion point. MI 
was self-drilled in the inter radicular area between 
the roots of upper 2nd bicuspid and 1st molar at the 
muco-gingival junction (8 – 10 mm from the main 
arch wire) at an angle 30º – 40 º from the teeth long 
axis. The insertion of the minimplants were done 
by the same orthodontist. MIs were left unloaded 
for 2 weeks till healing of the soft tissue . Bilateral 
extraction of maxillary 1st bicuspids were done im-

Fig. (1): Prescription of the MI used in this study.

* El Nasr Pharacaceutical Chemical Co, Egypt.
** PASCO Scientific, Model 1030 A High voltage supply. USA
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mediately before starting en-masse retraction. The 
brackets of the four incisor teeth were tied by elastic 
tie. Canines on both sides were firmly ligated to the 
main arch wire with soft St St ligature wire (0.010 
In), to allow controlling the canines and prevent 
their distal tipping and rotation during retraction. 
The brackets of both 2nd bicuspids were passively 
ligated by (0.010 in) soft St.St. ligature wire to de-
crease the friction during retraction and allow free 
sliding of the arch wire 11. Closed coil spring was 
extended from the MI head to along hock secured 
onto the main arch wire between the maxillary lat-
eral incisor and canine on both sides (Figure 2). A 
constant 200g retraction force per side measured 
by force gauge*  was applied.4,12,13 The average ob-
servation period lasted 9–12 months. The collected 
data were analyzed statistically with the McNemara 
test and using Statistica software version 8.0.

RESULTS

In total, 40 of 54 minimplants were able to 
achieve the treatment goals.  In group A (anodized), 
22 (81.5%) mini-screw implants presented long-
term stability, while in group B (control), only 

18 (66%) minimplants were stable throughout 
the treatment. This difference was statistically 
significant (P =.0311). The total success rate for all 
inserted miniscrew implants was 74%. (Table 1) 

TABLE (1) Minimplant Stability and Failure 
Distribution

Group A ( anodized) Group B (control)
Patient 

No.
Failure (Weeks
After Insertion)

Stable Failure (Weeks
After Insertion)

Stable

1 * (9) *
2 * *(7)
3 * *
4 * (10) *
5 * *(5)
6 * *
7 * *(4)
8 * (6) *
9 * *
10 * *(9)
11 * (4) *
12 * *(8)
13 * *
14 * *
15 * *(7)
16 * *
17 * *(5)
18 * *
19 * (8) *
20 * *
21 * *(4)
22 * *
23 * *
24 * *(6) *
25 * *
26 * *
27 * *

Total, 
n (%)

5 (18.5) 22 
(81.5)

9 (33) 18 
(66)

P = .0311.  * =yes.

Fig. (2): En mass retraction using the minimplants.

*Morelli Ortodontia, Sorocaba, S.P, Brazil.
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DISCUSSION

Titanium MIs had enriched the orthodontic an-
chorage armamentarium; these temporary anchor-
age devices provide an absolute anchorage. MIs al-
lowed the orthodontic treatment to progress with no 
anchorage loss and minimal patient’s cooperation 
leading to good treatment outcome in short time.14

The ideal orthodontic MIs should provide sta-
tionary anchorage with no displacement during the 
active treatment.15 Most of the studies concerned 
with the stability of orthodontic MIs, reported sig-
nificant secondary displacement of the MIs under 
long term orthodontic loading4,5,15,16.

It is quite likely that orthodontic mini-screw 
implants may not obtain long-term stability because 
of many factors. These factors may be assigned to 
different groups: patient related (systemic diseases, 
smoking, habits, hygiene, the level of immunity, 
etc), orthodontist related (treatment methodology, 
experience), and MI related (size, surface coating, 
and shape).8–14

The null hypothesis of this study was rejected. 
Anodized MI presented long-term stability com-
pared to smooth surface MI. This can be explained 
by the fact that anodization  improved the chemical 
composition of the surface of MIs where, it produced 
a thick porous layer of the titanium oxide. Such 
treatment enhanced the mechanical interlocking at 
the bone MIs interface. It also improved adhesion, 
proliferation of osteoblastic cells and promoting os-
seointegration. 17-19 The resultant of such treatment 
was, 3 D bone formation around the MIs and greater 
bone to implants, contact which enhanced the stabil-
ity of MIs.19

The success rate in this study was 22 (81.5%) an-
odized mini-screw implants , while only 18 (66%)  
smooth surface minimplants were stable throughout 
the treatment.  The literatures reported different suc-
cess rates, Tseng et al20 reported success rate of 91% 
after examining the stability of 45 MIs used in orth-
odontic treatment. On the other hand, Cheng et al,21 

Costa et al22 and Miyawaki et al13 reported success 
rates of 89 %, 87.5 % and 84 % respectively. This 
controversy may be attributed to the different study 
designs and durations.

Studying the displacement behavior of both 
types of MIs was done under one of their most com-
mon indications, i.e. en-masse retraction of the an-
terior teeth. This helped to subject the MIs to a real 
test. En masse retraction allowed subjecting these 
MIs to the highest orthodontic force for relatively 
long loading duration. This study design was simi-
lar to that used by many authors 1,4,17-21 while, others 
tested the stability of MIs during canines retraction 
where, they were unable to subject the MIs to high 
orthodontic forces for long duration. 13,20

MIs design, length and diameter had been proved 
to affect the stability and success rate of MIs.17,18 
This study utilized only one type of MIs having 
the same design, size and of suitable length and di-
ameter (1.8 mm diameter and 8 mm length) which 
allowed them to withstand the heavy applied force 
for long duration. Some authors assessed the dis-
placement behavior of MIs utilizing MIs not having 
the same length or having reduced diameter which 
might affect their results.20,15,18

Both types of MIs were randomly self drilled 
in the inter-radicular area between the roots of the 
maxillary 2nd bicuspid and 1st molar at an angle 
30°-40° to the long axis of the teeth on both sides 
of each patient (split mouth design). This is a com-
monly preferred position for MIs insertion because 
of its accessibility for various orthodontic mechan-
ics.18 It also has a large available space and increased 
cortical bone thickness that ensured safe and stable 
insertion of MIs.19-22 Such insertion angulation of 
MIs allowed engaging more cortical bone thickness 
and ensured safe insertion away from the adjacent 
roots .19,20,21

Although the results of this study are promising, 
further investigations are needed to evaluate long 
term stability of surface treated minimplants.
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CONCLUSION

Anodized surface treated orthodontic mini-
screw implants are more stable than smooth surface 
one during en-mass retraction.
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