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ABSTRACT: Management of anchorage and good control of molars in all three planes of space is necessary for optimal
results. It is of paramount importance for the clinician to select the appropriate anchorage control. The aim of the study
was to compare the anchorage loss from implant-aided retraction and frictionless mechanics retraction in bimaxillary
protrusion cases. Cephalograms of 40 patients were evaluated in this retrospective study, segregated into two groups
based on their retraction mechanics. Anchorage loss was determined from measurements made on pretreatment and
postretraction lateral cephalograms. Mean and standard deviation from independent sample z-tests were used to analyze
the anchorage loss between the two groups. Statistical analysis was carried out using SPSS version 20.0. In the im-
plant-aided group, mean anchorage loss was 0.95 + 0.36 mm; in the frictionless mechanics with conventional anchorage
group, the mean anchorage loss was 2.44 + 0.46 mm. The average interincisal angle in the frictionless mechanics group
and the implant-aided retraction group was 99.45 + 5.41°and 100.15 + 4.85°, indicating similar incisor inclinations in
the pretreatment group. Pretreatment interincisal angle measurement ensured that both groups had similar anchorage
demands. Anchorage loss was greater in frictionless mechanics with conventional anchorage (2.44 m) when compared
to implant-aided retraction mechanics (0.95 mm). Implant-aided retraction can thus be considered for cases requiring

absolute anchorage.
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I. INTRODUCTION

Protrusion of the maxillary and mandibular incisors
with incompetency of the lips, known as bimaxillary
dentoalveolar protrusion, is one of the most com-
mon chief complaints of patients seeking orthodon-
tic correction.!? The treatment plan for these patients
mostly involves the extraction of the first premolars
followed by retraction of the anterior teeth to reduce
the protrusion. In this situation, when maximum
retraction of the anterior teeth is essential, anchor-
age control of the posterior teeth becomes critical to
good treatment results.>* In other words, the better
the anchorage, the better the retraction and the better
the improvement of the patient’s profile.>¢

With the development of implants, there has been
an increase in the use of miniscrews/mini-implants
to achieve absolute anchorage during retraction of

anteriors.”® There are different opinions on how to
achieve maximum retraction in first premolar ex-
traction cases.” Profitt and Fields recommended
individual canine retraction followed by incisor
retraction for maximum anchorage, hypothesizing
that this would decrease anchorage strain on the
posteriors.'® Staggers and Germane argued that an-
chorage is taxed excessively with a two-step retrac-
tion method.!" This debate was brought to an end by
Hain et al., who stated that there was no significant
difference between the two retraction modes.'*!
Space closure can be carried out by either fric-
tion or frictionless mechanics. In friction mechan-
ics, the extraction site is closed using elastomeric
chains or NiTi coil springs to allow sliding of the
wire with resultant space closure." In frictionless
mechanics, loops and bends are used to generate
forces and moments to close the extraction site with
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both active and reactive units.”® Despite the large
number of studies dealing with space closure, ev-
idence is scattered regarding the best technique
for anterior retraction. A recent systematic review
suggested additional trials to determine the best
method of anterior retraction.'® Our team has con-
ducted numerous clinical trials'”* and lab studies
with animals®* 2 as well as in vitro studies® ' over
the past 5 years. Now, we are focusing on anchor-
age loss, which is a topic of current interest in our
community. Not enough is known about the relative
merits of frictionless mechanics and implant-aided
mechanics during en-masse retraction. Only prop-
erly designed trials will provide conclusive answers.
Our department has published extensive research
on various aspects of prosthetic dentistry.>*' This
experience inspired us to explore anchorage loss in
bimaxillary protrusion cases through cephalograms
comparing the effectiveness of frictionless mechan-
ics with conventional anchorage (FMCA) and that
of implant-aided friction mechanics (IAFM) by as-
sessing the anchorage loss.

Il. MATERIALS AND METHODS

This study was conducted in the Department of
Orthodontics at Saveetha Dental College, Chen-
nai, India, using the PICO format—P: patients
requiring orthodontic treatment presenting with
bimaxillary protrusion; I: retraction with IAFM;
C: retraction with FMCA (including transpalatal
arch and bonding of second molars); O: outcomes
assessed (molar anchorage loss, interincisal angle
changes). The null hypothesis was that the meth-
ods have the same efficiency in en-masse anterior
retraction in patients with class I bimaxillary pro-
trusion. Preinterincisal angles were assessed in
both groups and kept as close to each other in size
to ensure that the difficulty of treatment in both
the groups was the same. Thus, the anchorage de-
mands were equal.

A. Inclusion/Exclusion Criteria and Sample
Size

Inclusion criteria included (1) Male or female pa-
tients with aged 18-30 years; (2) Class I bimaxillary
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protrusion; (3) full permanent dentition; (4) good
oral hygiene; (5) maximum anchorage require-
ments; and (6) healthy bone between first molars
and second premolars. Exclusion criteria included
(1) systemic diseases, (2) severe crowding, (3) ex-
tracted/missing upper permanent tooth/teeth, and
(4) previous orthodontic treatment.

Our sample size calculation followed Ziegler et
al. in comparing effects of friction and frictionless
mechanics on maxillary canine retraction.** A sam-
ple size of 20 cases per group was considered. Pre-
treatment and postretraction lateral cephalograms of
40 patients with bimaxillary protrusion, showing 20
cases of IAFM and 20 of FMCA. All the patients
had undergone extraction of all four first premolars
and retraction of the anterior teeth by one or the
other retraction method.

Space closure by FMCA was carried out with
a continuous T-loop fabricated with 17 x 25 TMA
wire and 15 degrees of alpha bend and 35 degrees
of beta bend to augment anchorage. Additionally, a
transpalatal arch between the first molars was placed
along with the inclusion of second molars to the an-
chor unit. Space closure with IAFM was carried out
with conventional retraction mechanics on a 19 X
25 SS wire. Retraction was carried out with power
chains given directly from the implants placed be-
tween upper second premolars and upper first molars
to the retraction hooks placed on the wire between
the lateral incisor and the canines.

B. Cephalometric Analysis

The pretreatment and postretraction lateral cephalo-
grams were traced and the discrepancies in landmark
location and measurements were resolved by agree-
ment with the principal guide. The cephalograms
were manually superimposed to measure anchorage
loss. Maxillary bone, upper first molar, upper central
incisor, and pterygomaxillary fissure were traced.
Two reference axes were constructed and required
variables were identified. The x-axis connected the
ANS to the PNS. The y-axis was perpendicular to the
x-axis and tangent to the posterior border of the pter-
ygomaxillary fissure. The reference axes were used
to superimpose the pretreatment and postretraction
lateral cephalograms and establish anchorage loss.
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C. Statistical Analysis

Paired and unpaired #-tests were used to compare
intra- and intergroup changes. The results were re-
garded as significant at p < 0.05. All statistical anal-
yses were performed with SPSS version 17.0

lll. RESULTS

Table 1 gives the values of the preinterincisal angle
in the FMCA and IAFM groups. The preinterincisal
angle in the FMCA group was 99.45°; the preinter-
incisal angle in the TAFM group was 100.15°. There
was no statistically significant difference (p =0.717)
between the groups. This test was carried out to ver-
ify the similarity in sample size collection. Similar
preinterincisal angles place identical anchorage de-
mand on both groups and help in preventing bias.

Table 2 gives the values of anchorage loss in
the FMCA and IAFM groups determined by an in-
dependent #-test. There was a significant difference
between the two. In the TAFM group, the anchorage
loss was 0.95 + 0.36 mm; in the FMCA, the anchor-
age loss was 2.44+ 0.46 mm (Fig. 1).

IV. DISCUSSION

Premolar extraction in orthodontics is performed
primarily to resolve moderate to severe crowding
and retracting anteriors.>* The goal of space closure
is to retract the maxillary anterior teeth while main-
taining posterior anchorage control. We compared

TABLE 1: Paired #-test to determine preinterincisal angle
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MEAN ANCHORAGE LOSS

CONVENTIONAL ANCHORAGE
TYPE OF ANCHORAGE

IMPLANT-AIDED ANCHORAGE

FIG. 1: Rate of anchorage loss

anchorage loss between implant-aided and friction-
less retraction to determine which was the more
efficient.

To accurately measure anchorage loss, measure-
ment should occur after the alignment phase, just
before the space closure phase. Most studies report
on initial and final molar position based on lateral
cephalometric radiographs taken at those points in
treatment.*4> Thiruvenkatachari et al. measured
molar anchorage loss with differential moments af-
ter alignment and completion of space closure, find-
ing about 2.55 mm of molar mesialization.*® This is
in agreement with our study, which determined an-
chorage loss FMCA group to be 2.44 mm.

A significant difference in anchorage loss
is noted between the two retraction mechanics

Mechanics N Mean Standard deviation Significance (p > 0.05)
FMCA 20 99.45 5.41 0.717
IAFM 20 100.15 4.86
TABLE 2: Independent sample #-test to determine anchorage loss during retraction
Method N Mean Standard deviation Significance (p > 0.05)
FMCA 20 2.44 0.46 0.000
IAFM 20 0.95 0.36

The mean anchorage loss in frictionless mechanics with conventional anchorage was 2.44 mm and mean anchorage loss in
implant-aided frictional mechanics group was 0.95 mm. There was a statistically significant difference p = 0.000 (p < 0.05) between

the two groups included in the study.
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methods. Considering the increased anchorage loss
in FMCA patients, IAFM is recommended for pa-
tients requiring maximum/absolute anchorage.*’
Our results are similar to those obtained by Naik
et al., who reported better anchorage control with
IAFM.*® Basha et al. had similar findings.* Con-
sidering the greater amount of anchorage loss seen
with FMCA, it may be tempting to see IAFM as a
solution for anchorage loss. However, the various
confounding factors in play must be considered.
Frictionless mechanics involves distal tipping of
molars to compensate for the moments generated,
and this may also be responsible for increased an-
chorage loss. Also, implant placement is an invasive
procedure and its stability is questionable in young
children and adolescents.

A. Limitations and Future Directions

The limitations of this study include verification of
anchorage loss through lateral cephalograms, which
can be doubtful and subject to error.>’ A better method
would have been using palatal rugae in digital mod-
els. Other limitations include the small sample size,
variations in tooth size and bone density, and the
samples being of the same race. These limitations
can be overcome with more advanced methods like
CT/CBCT imaging to ascertain changes in bone den-
sity, root length, inclination of the teeth, and so forth.
Future studies might include assessment of root re-
sorption with different anchorage and retraction me-
chanics, variation in implant placement height and
its effect on intrusion and root resorption, assessment
of implant failure, and implant migration within the
bone with application of force.

V. CONCLUSION

Anchorage loss is greater in FMCA when compared
to [AFM. IAFM is a viable option in patients requir-
ing absolute anchorage.

REFERENCES

1.  Hassan AH, Turkistani AA, Hassan MH. Skeletal and den-
tal characteristics of subjects with incompetent lips. Saudi
Med J. 2014 Aug;35(8):849-54.

10.

12.

13.

14.

15.

16.

17.

18.

Arvind, Ramasamy, & Rengalakshmi

Owman-Moll P, Ingervall B. Effect of oral screen treat-
ment on dentition, lip morphology, and function in chil-
dren with incompetent lips. Am J Orthod. 1984 Jan;85(1):
37-4e.

Guay AH, Baker RW. A roentgenographic cephalometric
evaluation of anchorage management in maximum an-
chorage cases. Am J Orthod. 1967 Feb 1;53(2):148.
Mahendran S. Status of malocclusion among adults in ru-
ral areas. Int J Curr Adv Res. 2017 Mar;6(3):2958-60.
Atik E, Gorucu-Coskuner H, Taner T. Comparison of
orthodontic treatment with different premolar extraction
modalities in terms of soft tissue profile. Cumhuriyet Dent
J. 2019 Oct;22(4):390-401.

Young TM, Smith RJ. Effects of orthodontics on the facial
profile: A comparison of changes during nonextraction
and four premolar extraction treatment. Am J Orthod Den-
tofacial Orthop. 1993 May;103(5):452-8.

Celenza F. Implant-enhanced tooth movement: Indirect
absolute anchorage. Int J Periodont Restore Dent. 2003
Dec;23(6):533-41.

Young KA, Melrose CA, Harrison JE. Skeletal anchorage
systems in orthodontics: Absolute anchorage. A dream or
reality? J Orthod. 2007 Jun;34(2):101-10.

Ganesh ML, Pandian SK. Acceleration of tooth movement
during orthodontic treatment—a frontier in orthodontics.
Res J Pharm Biol Chem Sci. 2017;9(5):741.

Proffit WR, Fields HW, Sarver DM. Contemporary Ortho-
dontics. 4th ed. St. Louis, MO: Mosby/Elsevier; 2007.
Staggers JA, Germane N, Fortson WM. A comparison of
the effects of first premolar extractions on third molar an-
gulation. Angle Orthod. 1992;62(2):135-8.

Badawi HM, Toogood RW, Carey JPR, Heo G, Major
PW. Three-dimensional orthodontic force measurements.
Am J Orthod Dentofacial Orthop. 2009 Oct;136(4):
518-28.

Devishree RA, Felicita AS. A survey on awareness of or-
thodontic treatment among male population reporting to
dental clinic. JIMSCR. 2016 Aug;4(8);11900-5.

Hain M, Dhopatkar A, Rock P. The effect of ligation
method on friction in sliding mechanics. Am J Orthod
Dentofacial Orthop. 2003 Apr;123(4):416-22.

Andrade [ Jr. Frictionless segmented mechanics for
controlled space closure. Dent Press J Orthod. 2017
Feb;22(1):98-109.

Malik DES, Shahwar Malik DE, Fida M, Afzal E, Irfan
S. Comparison of anchorage loss between conventional
and self-ligating brackets during canine retraction—a
systematic review and meta-analysis. Int Orthod. 2020
Mar;18(1):41-53.

Sivamurthy G, Sundari S. Stress distribution patterns
at mini-implant site during retraction and intrusion—a
three-dimensional finite element study. Prog Orthod.
2016;17(1):4.

Samantha C, Sundari S, Chandrasekhar S, Sivamurty G,
Dinesh S. Comparative evaluation of two bis-GMA based

Journal of Long-Term Effects of Medical Implants



Anchorage Loss with Implant-Aided Retraction and FMCA

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

orthodontic bonding adhesives: A randomized clinical
trial. J Clin Diagn Res. 2017 Apr;11(4):ZC40-4.
Krishnan S, Pandian S, Kumar SA. Effect of bisphospho-
nates on orthodontic tooth movement—an update. J Clin
Diagn Res. 2015 Apr;9(4):ZE01-5.

Vikram NR, Prabhakar R, Kumar SA, Karthikeyan MK,
Saravanan R. Ball headed mini implant. J Clin Diagn Res.
2017 Jan;11(1):ZL02-3.

Kamisetty SK, Verma JK, Arun, Sundari S, Chandrasekhar
S, Kumar A. SBS vs. inhouse recycling methods—an invi-
tro evaluation. J Clin Diagn Res. 2015 Sep;9(9):ZC04-8.
Viswanath A, Ramamurthy J, Dinesh SPS, Srinivas A.
Obstructive sleep apnea: Awakening the hidden truth. Ni-
ger J Clin Pract. 2015 Jan;18(1):1-7.

Felicita AS. Quantification of intrusive/retraction force
and moment generated during en-masse retraction of max-
illary anterior teeth using mini-implants: A conceptual ap-
proach. Dent Press J Orthod. 2017 Sep;22(5):47-55.
Rubika J, Sumathi Felicita A, Sivambiga V. Gonial angle
as an indicator for the prediction of growth pattern. World
J Dent. 2015;6(3):161-3.

Jain RK, Kumar SP, Manjula WS. Comparison of intru-
sion effects on maxillary incisors among mini implant
anchorage, j-hook headgear and utility arch. J Clin Diagn
Res. 2014 Jul;8(7):2C21-4.

Pandian KS, Krishnan S, Kumar SA. Angular photogram-
metric analysis of the soft-tissue facial profile of Indian
adults. Indian J Dent Res. 2018 Mar;29(2):137-43.
Ramesh Kumar KR, Shanta Sundari KK, Venkatesan A,
Chandrasekar S. Depth of resin penetration into enamel
with 3 types of enamel conditioning methods: A confocal
microscopic study. Am J Orthod Dentofacial Orthop. 2011
Oct 1;140(4):479-85.

Felicita AS. Orthodontic management of a dilacerated
central incisor and partially impacted canine with uni-
lateral extraction: A case report. Saudi Dent J. 2017
Oct;29(4):185-93.

Felicita AS, Chandrasekar S, Shanthasundari KK. Deter-
mination of craniofacial relation among the subethnic In-
dian population: A modified approach (sagittal relation).
Indian J Dent Res. 2012 May;23(3):305-12.

Dinesh SPS, Arun AV, Sundari KKS, Samantha C,
Ambika K. An indigenously designed apparatus for
measuring orthodontic force. J Clin Diagn Res. 2013
Nov;7(11):2623-6.

Felicita AS. Orthodontic extrusion of Ellis class VIII frac-
ture of maxillary lateral incisor - The sling shot method.
Saudi Dent J. 2018 Jul;30(3):265-9.

Anbu RT, Suresh V, Gounder R, Kannan A. Comparison
of the efficacy of three different bone regeneration materi-
als: An animal study. Eur J Dent. 2019 Feb;13(1):22-8.
Ashok V, Ganapathy D. A geometrical method to clas-
sify face forms. J Oral Biol Craniofac Res. 2019 Jul;9(3):
232-5.

Ganapathy DM, Kannan A, Venugopalan S. Effect of

Volume 31, Issue 4, 2021

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

25

coated surfaces influencing screw loosening in implants:
A systematic review and meta-analysis. World J Dent.
2017 Dec;8(6):496-502.

Jain AR. Clinical and functional outcomes of implant
prostheses in fibula free flaps. World J Dent. 2017
Jun;8(3):171-6.

Ariga P, Nallaswamy A, Jain AR, Ganapathy DM.
Determination of correlation of width of maxillary ante-
rior teeth using extraoral and intraoral factors in Indian
population: A systematic review. World J Dent. 2018
Feb;9(1):68-75.

Ranganathan H, Ganapathy DM, Jain AR. Cervical and
incisal marginal discrepancy in ceramic laminate veneer-
ing materials: A SEM analysis. Contemp Clin Dent. 2017
Apr;8(2):272-8.

Jain AR. Prevalence of partial edentulousness and treat-
ment needs in rural population of South India. World J
Dent. 2017 Jun;8(3):213-7.

Duraisamy R, Krishnan CS, Ramasubramanian H,
Sampathkumar J, Mariappan S, Sivaprakasam AN. Com-
patibility of nonoriginal abutments with implants: Evalu-
ation of microgap at the implant-abutment interface, with
original and nonoriginal abutments. Implant Dent. 2019
Jun;28(3):289-95.

Gupta P, Ariga P, Deogade SC. Effect of monopoly-coating
agent on the surface roughness of a tissue conditioner sub-
jected to cleansing and disinfection: A contact profilometric
study. Contemp Clin Dent. 2018 Jun;9(Suppl 1):S122-6.
Varghese SS, Ramesh A, Veeraiyan DN. Blended mod-
ule-based teaching in biostatistics and research meth-
odology: A retrospective study with postgraduate dental
students. J Dent Educ. 2019 Apr;83(4):445-50.

Ziegler P, Ingervall B. A clinical study of maxillary ca-
nine retraction with a retraction spring and with slid-
ing mechanics. Am J Orthod Dentofacial Orthop. 1989
Feb;95(2):99-106.

Aljhani AS, Zawawi KH. Nonextraction treatment of se-
vere crowding with the aid of corticotomy-assisted ortho-
dontics. Case Rep Dent. 2012 Jul 17;2012:694527.
Nosouhian S, Rismanchian M, Sabzian R, Shadmehr E,
Badrian H, Davoudi A. A mini-review on the effect of
mini-implants on contemporary orthodontic science. J Int
Oral Health. 2015;7(Suppl 1):83-7.

Rajesh M, Kishore M, Shetty KS. Comparison of an-
chorage loss following initial leveling and aligning using
ROTH and MBT prescription—a clinical prospective
study. J Int Oral Health. 2014 Apr;6(2):16-21.
Thiruvenkatachari B, Pavithranand A, Rajasigamani K,
Kyung HM. Comparison and measurement of the amount
of anchorage loss of the molars with and without the use
of implant anchorage during canine retraction. Am J Or-
thod Dentofacial Orthop. 2006 Apr 1;129(4):551-4.

Park H-S, Lee S-K, Kwon O-W. Group distal movement
of teeth using microscrew implant anchorage. Angle Or-
thod. 2005 Jul;75(4):602-9.



26

48.

49.

Naik MK, Dharmadeep G, Muralidhar Reddy Y, Cherukuri
S, Praveen Raj K, Reddy V. Comparison of the anchor-
age value of the first molars supported with implant and
first molars supported with second molar during en masse
retraction. J Int Soc Prev Community Dent. 2020 Feb
5;10(1):9-15.

Basha AG, Shantaraj R, Mogegowda SB. Comparative

50.

Arvind, Ramasamy, & Rengalakshmi

study between conventional en-masse retraction (sliding
mechanics) and en-masse retraction using orthodontic mi-
cro implant. Implant Dent. 2010 Apr;19(2):128-36.
Gupta N, Gupta G, Umasankar K, Sundari KKS. Estab-
lishing the cephalometric values for tetragon analysis in
patients with class I occlusion: A cephalometric study. J
Contemp Dent Pract. 2016 Jul 1;17(7):597-600.

Journal of Long-Term Effects of Medical Implants



