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he etiology of dental agenesis
is multifactorial, although ge-
netics play an important role.".2
The prevalence is slightly higher in
females than in males, and the
mandibular arch is more commonly

affected than the maxillary arch.-3
Excluding the third molars, the low-
er second premolars are the most
frequently missing teeth (3.4%),
followed by the upper lateral inci-
sors (2.2%).1.4
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MANDIBULAR MOLAR PROTRACTION WITH THE FORSUS APPLIANGE

Fig. 1 10-year-old female patient with convex profile; lip incompetence; Class Il, division 1 malocclusion; 3.5mm
overjet; Tmm overbite; mandibular midline shift to left; and lower second-premolar agenesis before treatment
(continued on next page).
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Fig. 1 (cont.) 10-year-old female pa-
tient with convex profile; lip incompe-
tence; Class I, division 1 malocclusion;
3.5mm overjet; Tmm overbite; man-
dibular midline shift to left; and lower
second-premolar agenesis before
treatment.

Orthodontic treatment of patients with agen-
esis of the lower second premolars and retained
lower second molars can be challenging.>¢ Potential
approaches include simply maintaining the second
deciduous molars, which could develop root resorp-
tion, ankylosis, or infra-occlusion®’; maintaining
the deciduous molars and redistributing the space
through interproximal reduction and composite re-
contouring®?; extracting the deciduous molars and
closing the spaces with orthodontic appliances'’; or
extracting the deciduous molars and replacing them
with implants and crowns or fixed bridges.3!!

There are two primary treatment options for
younger patients: maintaining the lower second

KRAVITZ KEYS

&= A Forsus* fixed functional appliance was used
as anchorage reinforcement during lower-molar
protraction.

&= The appliance corrected the Class Il malocclu-
sion while avoiding lower-incisor overretraction.

&= The bilateral Forsus was placed on a .019" x
.025" stainless steel archwire and activated
monthly.

&= Consolidation was retained with labial wires

bonded between the lower first premolars and
molars.
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deciduous molars until the end of growth and de-
velopment, or extracting the molars and closing
the spaces, thus avoiding the wait for facial growth
as well as the risks and costs associated with im-
plant and crown placement.''2 In subjects with
agenesis of the lower second premolars, the long-
term survival rate of deciduous molars is more
than 90%.513

The Forsus fixed functional appliance has
been shown to be effective in correcting Class 11
malocclusion, with effects including restraint of
maxillary sagittal advancement, distalization and
intrusion of the upper molars, extrusion of the
lower first molars, retroclination of the upper in-
cisors, and proclination of the lower incisors.!4-16
Few authors have described its utilization as an-
chorage reinforcement for mandibular molar pro-
traction,'” however, particularly in patients with
lower second-premolar agenesis. This article de-
scribes such a case.

Diagnosis and Treatment Planning

A 10-year-old female presented with the chief
complaint of proclined teeth (Fig. 1). Clinical exam-
ination showed a convex profile and lip incompe-
tence. The patient was in the mixed dentition, with
a Class II, division 1 malocclusion and a peg-shaped

*Trademark of 3M, Monrovia, CA; www.3M.com.
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TABLE 1
CEPHALOMETRIC ANALYSIS

Pretreatment Post-Treatment One Year after Treatment
SNA 78.5° 78.0° 78.0°
SNB 72.0° 72.0° 72.0°
ANB 6.5° 6.0° 6.0°
AO-BO 4.0mm 0.5mm 0.0mm
Facial angle 82.0° 80.5° 82.5°
Convexity 12.5° 12.0° 12.0°
FMA 33.0° 36.0° 34.5°
GoGn-SN 41.0° 43.0° 42.0°
Y-axis 64.0° 66.5° 64.5°
1-NA 4.0mm 1.5mm 1.5mm
1-NA 26.0° 20.0° 18.0°
1-NB 7.0mm 7.0mm 6.5mm
1-NB 35.0° 32.5° 32.0°
IMPA 100.5° 96.5° 96.0°
Interincisal angle 113.0° 122.0° 124.0°
Z-angle 65.0° 65.0° 71.0°

upper right lateral incisor. The overjet was 3.5mm,
and the overbite was 1mm; the lower midline was
shifted 1.5mm to the left.

The panoramic radiograph revealed the ab-
sence of the lower second-premolar germs. Ceph-
alometric analysis (Table 1) indicated a skeletal
Class II relationship (ANB = 6.5°) and a vertical
growth pattern (FMA =33° GoGn-SN =41°). The
upper and lower incisors were proclined (I-NA =
26°, 1-NB = 35°).

Treatment objectives were to level and align
the dental arches, obtain Class I molar and canine
relationships, correct the mandibular midline de-
viation, maintain the facial profile, and obtain lip
competence. The first treatment option involved
high-pull headgear for distalization and intrusion
of the upper molars to correct the Class II, division
1 malocclusion and control the vertical dimension.

728

This would be followed by a second phase of fixed
appliances, maintaining the lower second decidu-
ous molars. A second alternative was to extract the
upper first premolars for correction of the Class II,
division 1 malocclusion; extract the lower second
deciduous molars; and close the extraction spaces
by mesialization of the lower first and second per-
manent molars. The final option was to distalize
the upper first molars with mini-implant anchorage
for Class II correction while maintaining the low-
er second deciduous molars for future implant and
crown placement.

The patient had been unable to comply with
high-pull headgear during 18 months of attempted
Phase I treatment, and the parents rejected the pos-
sibility of mini-implant insertion and future im-
plant placement. Therefore, the second treatment
option was selected.
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Fig. 2 Upper first premolars extracted | =
and .022" x .028" MBT*-prescription
brackets bonded.

- A

Fig. 3 After seven months of treatment, Forsus* fixed functional appliance placed for anchorage reinforcement

during space closure.

Treatment Progress

The upper first premolars were extracted, and
022" x .028" MBT*-prescription metal brackets
were bonded (Fig. 2). Leveling and alignment were
begun using .016" and .019" x .025" heat-activated
nickel titanium archwires. An .016" stainless steel
upper 3-3 sectional wire was then used for occlusal
seating with vertical elastics. Finally, .019" x .025"
stainless steel archwires were placed six months
after the full fixed appliances were bonded.

One month later, the leveling was completed
and the lower second deciduous molars were ex-
tracted. Another week later, bilateral Forsus appli-
ances were placed to reinforce anchorage in the
lower anterior segment during space closure with
sliding mechanics, thus avoiding unwanted distal-
ization and promoting lower first- and second-molar

*Trademark of 3M, Monrovia, CA; www.3M.com.
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mesialization (Fig. 3). Activations were performed
once per month for 15 months, and the Forsus was
left passively in place for another three months.

Treatment Results

Total active treatment time was four and one-
half years (Fig. 4). A removable wraparound re-
tainer was delivered for the upper arch, and lower
retainer wires were bonded lingually from canine
to canine and buccally between the first premolars
and first molars.

Class I molar and canine relationships were
obtained, along with proper overjet and overbite,
while the facial profile was maintained and lip
competence was achieved. The post-treatment pan-
oramic radiographic showed root parallelism and
no obvious signs of root resorption. Cephalometric
analysis (Table 1) confirmed that the skeletal Class

729



©2023 JCO, Inc. May not be distributed without permission. www. jco-online.com
AUTHOR PROOF - NOT FOR DISTRIBUTION

MANDIBULAR MOLAR PROTRACTION WITH THE FORSUS APPLIANGE

Fig. 4 A. Patient after four and one-half years of active treatment. B. Superimposition of pre- and post-treatment
cephalometric tracings (continued on next page).
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Fig. 4 (cont.) C. Post-treatment den-
tal casts.

II relationship (ANB = 6°) and the vertical growth
pattern (FMA = 36°, GoGn-SN = 43°) remained
almost unchanged. The upper incisors were well
positioned (I-NA =20°), but the lower incisors re-
mained proclined (I-NB = 32.5°) because of the
Class II dental camouflage treatment. These results
remained stable one year later (Fig. 5).

Discussion

The treatment plan for a case involving man-
dibular second premolar agenesis must be based
on the patient’s individual characteristics.”1218
Space closure after extraction of retained decidu-
ous molars with no permanent successors is indi-
cated when the patient exhibits lip protrusion, in-
cisor proclination, anterior crossbite, or crowding.
On the other hand, the option of preserving healthy
lower second deciduous molars is a viable alterna-
tive in a case where space closure would be unfa-
vorable for the facial profile, or in the presence of
Class II malocclusion or excessive overjet and
overbite. In the present case, the upper first pre-
molars and lower second deciduous molars were
extracted despite the Class II malocclusion, since
the parents declined the option of maintaining the
deciduous molars for future implant rehabilitation.

To avoid undesirable side effects such as
lower-incisor distalization and loss of a Class I ca-
nine relationship during space closure by lower-
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molar protraction, the anchorage needs to be rein-
forced in the lower anterior segment. This can be
achieved with the use of mini-implants as direct
or indirect temporary skeletal anchorage'®?® or
with fixed functional appliances.'” In the case
shown here, the Forsus prevented loss of anchorage
and kept the lower anterior teeth in their desired
positions during space closure. In the upper arch,
the Forsus distalized and intruded the molars and
retroclined the incisors. In addition, unlike Class
II elastics or removable functional appliances, the
fixed Forsus device does not depend on patient
compliance.?! Although breakage and soft-tissue
irritation have been reported as disadvantages of
the Forsus,?? these issues did not arise in our case.
Lower second-premolar agenesis is often as-
sociated with microdontia of the upper lateral in-
cisors.?? Interdisciplinary treatment involving
orthodontics and prosthodontics should always be
considered to provide the best possible esthetic
results.” In our patient, the undersize upper lateral
incisors, especially the peg-shaped right lateral
incisor, were cosmetically recontoured before fin-
ishing and removal of the fixed appliances.
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Fig. 5 A. Patient one year after treatment. B. Superimposition of pretreatment, post-treatment, and one-year-
post-treatment cephalometric tracings.

732 JCO/DECEMBER 2022



©2023 JCO, Inc. May not be distributed without permission. www. jco-online.com
AUTHOR PROOF - NOT FOR DISTRIBUTION

ANTELO, AMADI, REYES, MEIRA, TANAKA

. Gkantidis, N.; Katib, H.; Oeschger, E.; Karamolegkou, M.;

Topouzelis, N.; and Kanavakis, G.: Patterns of non-syndromic
permanent tooth agenesis in a large orthodontic population,
Arch. Oral Biol. 79:42-47, 2017.

. Al-Abdallah, M.; AlHadidi, A.; Hammad, M.; Al-Ahmad, H.;

and Saleh, R.: Prevalence and distribution of dental anomalies:
A comparison between maxillary and mandibular tooth agen-
esis, Am. J. Orthod. 148:793-798, 2015.

. Garib, D.G.; Alencar, B.M.; Ferreira, FV.; and Ozawa, T.O.:

Associated dental anomalies: The orthodontist decoding the
genetics which regulates the dental development disturbances,
Dent. Press J. Orthod. 15:138-157, 2010.

. Suri, L.; Gagari, E.; and Vastardis, H.: Delayed tooth eruption:

Pathogenesis, diagnosis, and treatment: A literature review, Am.
J. Orthod. 126:432-445,2004.

. Sletten, D.W.; Smith, B.M.; Southard, K.A.; Casko, J.S.; and

Southard, T.E.: Retained deciduous mandibular molars in
adults: A radiographic study of long-term changes, Am. J.
Orthod. 124:625-630, 2003.

. Garib, D.G.; Alves, A.; Janson, G.; Salles, R.B.; and Ferreira,

D.G.: Correlation of root resorption and infraocclusion in man-
dibular deciduous second molars without succedaneous perma-
nent teeth, J. World Fed. Orthod. 3:110-113, 2014.

. Kokich, V.G. and Kokich, V.O.: Congenitally missing mandib-

ular second premolars: Clinical options, Am. J. Orthod.
130:437-444,2006.

. Thys, D.G.; Ribeiro, G.L.; Dutra, E.H.; Souza, L.T.; and Tanaka,

O.: Management of congenitally missing mandibular second
premolars [in Portuguese], Rev. Clin. Ortod. Dent. Press 5:61-68,
2006.

. Williams, R.; Park, J.H.; Chae, J.M.; and Vaden, J.L.: The con-

genitally missing second premolar: Space closure—a viable
option, Am. J. Orthod. 157:571-583, 2020.

. Sabri, R.: Management of congenitally missing second premo-

lars with orthodontics and single-tooth implants, Am. J. Orthod.
125:634-642,2004.

. Naoumova, J.; Arcidiacono, S.; Hansen, K.; Liljegren, A.; and

Sjogren, P.: Extraction or preservation of deciduous molars in
early mixed dentition as an interceptive treatment in agenesis
of mandibular premolars in normal occlusion: A systematic re-
view, J. World Fed. Orthod. 6:142-146, 2017.

VOLUME LVI NUMBER 12

20.

21.

22.

23.

. Bjerklin, K.; Al-Najjar, M.; Kérested, H.; and Andrén, A.:

Agenesis of mandibular second premolars with retained prima-
ry molars: A longitudinal radiographic study of 99 subjects from
12 years of age to adulthood, Eur. J. Orthod. 30:254-261,2008.

. Jones, G.; Buschang, P.H.; Kim, K.B.; and Oliver, D.R.: Class

IT non-extraction patients treated with the Forsus Fatigue
Resistant Device versus intermaxillary elastics, Angle Orthod.
78:332-338,2008.

. Cacciatore, G.; Alvetro, L.; Defraia, E.; Ghislanzoni, L.T.; and

Franchi, L.: Active-treatment effects of the Forsus fatigue re-
sistant device during comprehensive Class 11 correction in grow-
ing patients, Kor. J. Orthod. 44:136-142, 2014.

. Franchi, L.; Alvetro, L.; Giuntini, V.; Masucci, C.; Defraia, E.;

and Baccetti, T.: Effectiveness of comprehensive fixed appliance
treatment used with the Forsus Fatigue Resistant Device in Class
II patients, Angle Orthod. 81:678-683, 2011.

. Chhibber, A. and Upadhyay, M.: Anchorage reinforcement with

a fixed functional appliance during protraction of the mandib-
ular second molars into the first molar extraction sites, Am. J.
Orthod. 148:165-173, 2015.

. Klang, E.; Beyling, F.; Knosel, M.; and Wiechmann, D.: Quality

of occlusal outcome following space closure in cases of lower
second premolar aplasia using lingual orthodontic molar mesi-
alization without maxillary counterbalancing extraction, Head
Face Med. 14:17, 2018.

. Ren, Y.: Mini-implants for direct or indirect orthodontic anchor-

age, Evid. Based Dent. 10:113, 2009.

Giancotti, A.; Paoncelli, F.; and Germano, F.: Management of
missing second premolars using miniscrews: An elective solu-
tion for critical anchorage conditions, J. Orthod. 44:126-136,
2017.

Veeroo, H.J.; Cunningham, S.J.; Newton, J.T.; and Travess, H.C.:
Motivation and compliance with intraoral elastics, Am. J.
Orthod. 146:33-39, 2014.

Bowman, A.C.; Saltaji, H.; Flores-Mir, C.; Preston, B.; and
Tabbaa, S.: Patient experiences with the Forsus Fatigue Resistant
Device, Angle Orthod. 83:437-446, 2013.

Garib, D.G.; Peck, S.; and Gomes, S.C.: Increased occurrence
of dental anomalies associated with second-premolar agenesis,
Angle Orthod. 79:436-441, 2009.

733





