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Abstract

Background. Orthodontic mini-implants provide skeletal anchorage for tooth movement. There are two designs of mini-
implants, tapered and cylindrical, which exhibit different clinical characteristics, including possible micro-damage to cor-
tical bone. Complications such as peri-implantitis and pain after mini-implant placement are common. The aim of this
study was to evaluate the effect of mini-implant design on peri-implantitis and post-insertion pain level.

Methods. A total of 152 tapered and cylindrical mini-implants were randomly inserted into 76 patients (17 male, 59 fe-
male) who were over 16 years of age. Peri-implantitis was assessed using signs of inflammation around mini-implant head.
Pain levels of injection, during and immediately after insertion up to one week after implantation, were registered using an
11-point horizontal visual analogue scale (VAS). Data were analyzed using chi-squared and Mann-Whitney U tests.
Results. Peri-implantitis was observed in 7% of mini-implants. There was no significant difference between tapered and
cylindrical mini-implants in the number of peri-implantitis cases (P > 0.05). Post-insertion pain increased for 6 hours after
insertion, and then decreased gradually. None of the patients reported pain a week after mini-implant insertion. There was
no significant difference in pain levels of the two groups at all time intervals (P > 0.05). Maximum post-insertion pain (6
hours after implantation: 2.52 £ 2.66) was significantly higher than injection pain (1.38+1.71) (P < 0.001).

Conclusion. It was concluded that mini-implant design had no significant effect on peri-implantitis and post-insertion pain

level.
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ment.! Mini-implants have gained in popularity for
Introduction their successful role in providing skeletal anchorage
for tooth movement.? Furthermore, The use of mini-
implants is simple with low cost, and minimal need

Resistance to unwanted tooth movement is an
for patient compliance.® Factors associating with

important prerequisite for orthodontic treat-
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clinical success of dental implants may not be the
same for orthodontic mini-implants due to shape and
diameter, anatomic region for implantation, loading
time, patient age with regard to bone density, etc.* In
addition, osseointegration is not necessary for ortho-
dontic mini-implants due to temporary usage.® Vari-
ous types of orthodontic mini-implants are availa-
ble.®> There are two main designs of mini-implants
according to the shape of the threading part: cylin-
drical and taper. Many studies have shown that the
amount of insertion and removal torque, initial sta-
bility, clinical failure rate, and micro-damage to the
cortical bone during insertion are different between
the two designs. However, no clear evidence is
available in this respect.®™® Although clinical fea-
tures and adverse effects of dental implants (e.g. pe-
ri-implantitis and pain) have been investigated ex-
tensively, lack of sufficient evidence still exists for
orthodontic mini-implants.* Inflammation around the
head of orthodontic mini-implants usually occurs as
a result of placement through non-keratinized gingi-
va or close to the mucogingival junction.'* This in-
creases the risk of clinical failure.”* Additionally,
using coil spring, chain, and ligature wire along with
poor plaque control or patient manipulation have
been attributed to peri-implantitis.**

Another complication is post-insertion pain. It is
known that less surgical invasion leads to less swel-
ling and pain.’ Although the procedure of mini-
implant placement is considered minimally invasive,
a potentially painful moment for the patient has been
introduced to routine orthodontic treatment.’*** It is
generally agreed that most of the patients do not feel
pain during and after mini-implant placement and
general satisfaction has been observed.” However,
along with the subjectivity of pain, other factors in-
cluding mini-implant type, anatomic place, local
anesthesia, and pre- or postoperative medications can
potentially affect the pain level.™> Numerous studies
have evaluated pain and discomfort following mini-
implant insertion.”**® However, overall conclusions
are olisfficult to draw due to various confounding fac-
tors.

With regard to the characteristics of tapered and
cylindrical mini-implants and possible differences in
micro-damage to the cortical bone, the aim of the
present study was to evaluate the effect of mini-
implant design on peri-implantitis and pain level un-
der and after insertion and compare the experience of
pain and discomfort after insertion of mini-implants
and local anesthesia injection as a reference proce-
dure in adult patients.

Methods
Subjects

A total of 76 patients (18 male and 58 female) with
an age range of 184 years were included in this
single-blind, randomized, single-centered study after
informed consent was obtained. The inclusion crite-
ria consisted of adults in need of fixed orthodontic
treatment, with treatment plan consisting of extrac-
tion of the maxillary first premolars, and absolute
anchorage for en-masse anterior retraction.

Mini-implant insertion

Seventy-six patients, after meeting inclusion criteria,
were randomly divided into two groups and 152 ta-
pered and cylindrical mini-implants were placed by
one orthodontist according to the following protocol:
-Buccal infiltration of 0.2 mL per site of 2% lido-
caine hydrochloride + 1:100000 units of norepineph-
rine with a 25-gauge needle.

-Insertion of two mini-implants (cylindrical or ta-
pered, 11 mm in length and 1.6 mm in diameter)
(General Implant Company) (Figure 1) buccally and
interdentally between the second premolar and the
first molar of both sides of maxilla, after a ten-
minute pause for appropriate anesthesia.

-Immediate loading of mini-implants as direct an-
chorage with 200-g closed-coil springs (Biom, Chi-
na).

The patients were unaware of the study groups but
the clinician inevitably was aware of mini-implant
design during insertion. The patients were instructed
in plaque control around the head of mini-implant
along with routine plaque control activities. They
were asked to complete questionnaires of pain one
week after mini-implant placement.

General inflammation signs, including swelling,

Figure 1. Cylindrical (right) and tapered (left) mini-
implants.



gingival enlargement, redness and bleeding on prob-
ing around the head of mini-implants, were assessed
4 and 8 weeks after implantation. The clinician put
“yes” for the presence of inflammation and “no” for
clinically healthy soft tissue. The outcome of pain
was evaluated by measuring pain levels with a visual
analog scale at 7 time intervals: injection pain, dur-
ing and immediately after insertion, 6 hours, 24
hours, 48 hours and a week after insertion. The par-
ticipants registered pain levels by placing a mark
along an eleven-point horizontal visual analog scale
(VAS) according to the time table. Analgesic con-
sumption (type, dosage, intervals) were self-
reported.

Statistical analysis

Data were analyzed with SPSS 20. Inflammation
around tapered and cylindrical mini-implants was
compared using chi-squared test. For analysis of the
data related to pain levels a parametric or non-
parametric test was to be chosen according to the
results of normality test. In this study P < 0.05 was
considered statistically significant.

Results

There were 10 cases (6.8%) of peri-implantitis (in 4
tapered and in 8 cylindrical mini-implants) in the
first 8 weeks after insertion. There was no statistical-
ly significant difference in inflammation between the
two groups (df =1, P = 0.355).

At the questionnaire delivery session three patients
were excluded from the study (1 lost the question-
naire; 2 provided incomplete information). Table 1
presents the valid data of 146 mini-implants of 16
male and 57 female subjects with an age range of
16.20-35.66 years (19.42 + 6.15 years [mean £ SD]).

The distribution of data was not normal. Thus, pain
levels between the two groups were compared using
Mann-Whitney U test. There were no statistically
significant differences in pain levels between the two
groups during the insertion (P = 0.34), immediately
after insertion (P = 0.34), and 6 hours (P = 0.76), 24
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Table 1. Mean values of pain levels of all samples
(n=146)

Pain level Min Max Mean + SD
Injection 0 6 138+1.71
During insertion 0 6 0.66 £ 1.40
Immediately after 0 6 0.36 £1.20
6 hours 0 10 252 +2.66
24 hours 0 8 092+1091
48 hours 5 0.64 +1.33
1 week 0 0 0.00 +0.00

Min: minimum, Max: maximum, SD: standard deviation

hours (P = 0.69) and 48 hours (P = 0.26) after inser-
tion. All the subjects reported no pain a week after
insertion; therefore, the median difference between
the two groups was not significant (P = 1.00) (Table
2).

There was a significant difference between injec-
tion pain and the maximum pain following mini-
implant insertion (after 6 hours). The patients re-
ported higher levels of pain 6 hours after implanta-
tion (P < 0.001) (Figure 2).

Eleven patients (15%) reported that they had taken
analgesics in the first six hours after implantation
and 16 patients (22%) reported no post-insertion
pain.

Discussion

Several complications associated with orthodontic
mini-implants have been reported in the literature.™*
Inflammation of soft tissues around the head of mini-
implant is common and may lead to loss of clinical
stability.>** The main action to prevent peri-
implantitis is mini-implant insertion through firm
attached gingiva.?*® Other factors related to inflam-
mation are root contact during insertion, orthodontic
auxiliaries attachment and oral hygiene.""'® Despite
the great effect, there is lack of information about
exact features and duration of peri-implantitis around
mini-implants.*® Furthermore, criteria used for in-
flammation are not clearly defined.**'" Park et al*
reported that peri-implantitis was associated with
decreased clinical success rate. Another study re-
ported that failure rate was 30% higher in mini-
implants with peri-implantitis.® In this study less

Table 2. Pain levels in two groups of the study at different time points

Pain Cylindrical (n=72) Taper (n=74) P U
Min-Max Mean + SD Min-Max Mean + SD

Injection 0-5 161+131 0-6 1.36+1.82 0.57 2801.00
During insertion 0-6 0.73+£1.49 0-5 0.58+1.30 0.34 2856.00
Immediately after 0-6 0.41+ 1.24 0-5 0.31+1.15 0.34 2769.00
6 hours 0-8 2494246 0-10 2.56+2.87 0.76 2740.00
24 hours 0-7 0.93+1.82 0-8 0.92+2.01 0.69 2744.00
48 hours 0-5 0.73%1.32 0-5 0.57+1.35 0.26 2877.00
1 week 0-0 0.00+0.00 0-0 0.00+0.00 1.00 2664.00

(Min: minimum pain level, Max: maximum pain level, SD: standard deviation)

*P < 0.05 was statistically significant.
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Figure 2. Comparison of pain levels during injection and 6 hours after implantation.

than 10% of the samples manifested inflammation
signs. In addition, inflammation prevalence in cylin-
drical and tapered mini-implants were compared and
there was no significant difference between the two
groups (P > 0.05). To the best of our knowledge
there was no previous investigation in this respect.
We assessed inflammation for two months after
placement. However, it seems that longer follow-ups
are needed for more valid information.

Pain level increased up to 6 hours after insertion and
then decreased in the following days. No patient re-
ported pain and discomfort on implantation site after
1 week. Some studies have also shown no report of
pain a week after mini-implant insertion.**>*" In
this study there was no statistically significant differ-
ence between the pain levels of the two groups at all
the time intervals. It seems that mini-implant design
has no effect on pain and discomfort. To the best of
our knowledge it was the first investigation on the
effect of mini-implant design on pain levels after
insertion. A positive point of this study was assess-
ment of injection pain as a reference procedure,
which was used in some previous studies.”**’ Pain of
mini-implant insertion (after 6 hours) was signifi-
cantly higher than injection pain (P < 0.001). Pa-
tients participating in this study were all over 16
years old, which was another positive aspect of the
present study. Perception of pain is said to change
with age due to central nervous system tracts.”® The
maximum pain level at 6 hours after insertion sug-
gests that it is necessary to reassure the patients and
drug administration of analgesics at this time interval
as 15% of patients in this study took pain killers dur-
ing this period.

Further studies are required to investigate the effect
of mini-implant design on bone remodeling, healing
and micro-damage to the cortical bone relative to
various clinical features of mini-implants in ortho-
dontic treatment.

Conclusion

e Mini-implant design had no significant effect on
peri-implantitis and post-insertion pain levels.
e Maximum pain level occurred 6 hours after im-

plantation.
e Injection pain was less than mini-implant inser-
tion pain.
References

1. Justens E, Bruyn HD. Clinical outcome of mini-screws used
as orthodontic anchorage. Clin Implant Dent Relat Res.
2008;10:174-80. doi: 10.1111/j.1708-8208.2008.00072.x

2. Baumgaertel S. Temporary skeletal anchorage devices: the
case for mini-implants. Am J Orthod Dentofacial Orthop.
2014;145:558-65. doi: 10.1016/j.ajodo.2014.03.009

3. Papageorgiou SN, Zogakis IP, Papadopoulos MA. Failure
rates and associated risk factors of orthodontic mini-implant
implants: a meta-analysis. Am J Orthod Dentofacial Orthop.
2012;142:577-95. doi: 10.1016/j.ajod0.2012.05.016

4. Park H, Jeong S, Kwon O. Factors affecting the clinical
success of screw implants used as orthodontic anchorage.
Am J Orthod Dentofacial Orthop. 2006;130:18-25. doi:
10.1016/j.ajod0.2004.11.032

5. Miyawaki S, Koyama I, Inoue M, Mishima K, Sugahara T,
Takano-Yamamoto T. Factors associated with the stability
of titanium screws placed in the posterior region for ortho-
dontic anchorage. Am J Orthod Dentofacial Orthop.
2003;124:373-8. doi: 10.1016/s0889-5406(03)00565-1

6. Watson ET, Katona TR, Stewart KT, Ghoneima A, Chu G,
Kyung H-M, et al. Microdamage generation by tapered and
cylindrical mini-screw implants after pilot drilling. Angle
Orthod. 2015;85:859-67. doi: 10.2319/062314-452.1

7. Kim KH, Chung C, Yoo HM, Park DS, Jang IS, Kyung SH.



10.

11.

12.

13.

The comparison of torque values in two types of mini-
implants placed in rabbits: tapered and cylindrical shapes-
preliminary study. Korean J Orthod. 2011;41:280-7. doi:
10.4041/kjod.2011.41.4.280

Yoo SH, Park YC, Hwang CJ, Kim JY, Choi EH, Cha JY.
A comparison of tapered and cylindrical mini-implant sta-
bility. Eur J Orthod. 2014;36:557-62. doi:
10.1093/ejo/cjt092

Chen C, Chang C, Hsieb C, Tseng Y, Shen Y, Huang I, et
al. The use of microimplants in orthodontic anchorage. J
Oral Maxillofac ~ Surg. 2006;64:1209-13. doi:
10.1016/j.joms.2006.04.016

Heo YY, Cho KC, Baek SH. Angled-predrilling depth and
mini-implant shape effects on the mechanical properties of
self-drilling orthodontic mini-implants during the angled in-
sertion procedure. Angle Orthod. 2012;82:881-8. doi:
10.2319/100711-629.1

Kuroda S, Tanaka E. Risks and complications of mini-
implant anchorage in clinical orthodontics. Japanese Dental
Science Review. 2014;50:79-85. doi:
10.1016/j.jdsr.2014.05.001

Wiechmann D, Meyer U, Buchter A. Success rate of mini-
and micro-implants used for orthodontic anchorage: a pros-
pective clinical study. Clin Oral Impl Res. 2007;18:263-7.
doi: 10.1111/j.1600-0501.2006.01325.x

Ganzer N, Feldmann |, Bondemark L. Pain and discomfort
following insertion of mini-implants and premolar extreac-
tions: a randomized controlled trial. Angle Orthod. 2016.

Mini-implant Design Effect on Peri-implantitis and Pain 59

14.

15.

16.

17.

18.

19.

doi: 10.2319/123115-899.1

Tsui WK, Chua H, Cheung LK. Bone anchor systems for
orthodontic application: a systematic review. Int J Oral
Maxillofac Surg. 2012;41:1427-38. doi:
10.1016/j.ijom.2012.05.011

Reynders R, Ronchi L, Bipat S. Mini-implants in orthodon-
tics: A systematic review of the literature. Am J Orthod
Dentofacial ~ Orthop.  2009;135:564.e1-564.e16.  doi:
10.1016/j.ajod0.2008.09.026

Lamberton JA, Oesterle LJ, Shellhart WC, Newman SM,
Harrell RE, Tilliss T, et al. Comparison of pain perception
during mini-implant placement in orthodontic patients
with a visual analog scale survey between compound topical
and needle-injected anesthetics: A crossover, prospective,
randomized clinical trial. Am J Orthod Dentofacial Or-
thop.2016;149:15-23. doi: 10.1016/j.ajod0.2015.08.013
Kawaguchi M, Miyazawa K, Tabuchi M, Fuyamada M.
Questionnaire survey on pain and discomfort after insertion
of orthodontic buccal mini-implants, palatal mini-implants
and, orthodontic miniplates. Orthod Waves. 2014;73:1-7.
doi: 10.1016/j.0dw.2013.09.001

Chen S.S, Chang HH, Chen YH, Wang YP, Chen YJ, Lai
HH. Tissue reaction surrounding mini-implants for ortho-
dontic anchorage: an animal experiment. J Dent Sci.
2012;7:57-64. doi: 10.1016/j.jds.2012.01.008

Kravitz ND, Kusnoto B. Risks and complications of ortho-
dontic mini-implants. Am J Orthod Dentofacial Orthop.
2007;131:543-S51.  doi:  10.1016/j.ajodo0.2006.04.027



	Lamberton JA, Oesterle LJ, Shellhart WC, Newman SM, Harrell RE, Tilliss T, et al.  Comparison of pain perception during mini-implant placement in orthodontic patients with a visual analog scale survey between compound topical and needle-injected anes...

