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Abstract: Although standard fixed appliances are better

suited to control difficult tooth movement in three planes of

space, clear aligner orthodontic treatment may be requested

by patients because of the superior esthetics compared with

conventional fixed appliances when clear aligners can be con-

sidered. Several clinical trials have shown improved periodon-

tal status during orthodontic treatment with clear aligners

while fixed appliances have almost always been associated

with increased inflammation and mild periodontal break-

down despite preventive measures performed during treat-

ment. There have been no reports of decalcification and only

one reported case of root resorption with clear aligners,

whereas with fixed appliances, numerous incidents of both

decalcification and root resorption have been reported when

compared with fixed-appliance treatment. In addition, stud-

ies have also shown significantly less pain from soft-tissue

injuries and muscle soreness from parafunctional habits with

computer-aided clear aligners. Restorative advantages in-

clude improved esthetics and comfort during treatment for

better case acceptance and the ability to bleach teeth through-

out treatment. Improving tooth alignment with orthodontic

treatment with fixed or clear appliances increases the clini-

cian’s potential capability to perform more conservative re-

storative procedures, requiring less tooth structure removal

and less endodontic involvement because of better tooth

positions. In those cases in which clear aligner appliances may

be appropriate, less damage may occur

to existing porcelain restorations than

might transpire from bonding of fixed

appliances and their removal, as well

as potentially reduced tooth wear dur-

ing treatment. This article presents

three case reports that demonstrate

the periodontal and restorative aspects

of treatment using the computer-aided

clear appliances, which have either

eliminated the need for certain restora-

tive procedures or created a better per-

iodontal and tooth position environ-

ment for performing these procedures. 

Computer-aided successive clear appliances were
introduced at an annual orthodontic meeting in
1999 and first reported in the literature in 2000.1,2

(In this article, only the Invisalign® [Align Technology, Inc.,
Santa Clara, CA] appliance was employed.) Clear aligner
appliances have been available for almost 50 years, with the
earliest examples made from an individual tooth set-up
with a single vacuum-formed appliance made from this ap-
pliance to the development of a series of computer-aided,
consecutive tooth-moving appliances called Invisalign.
Today these computer-aided appliances have been avail-
able to clinicians for almost a decade with more than 1 mil-
lion patients who have received treatment worldwide. 

For the first 5 years of use, several studies and case re-
ports showed this appliance was somewhat effective for
tipping movements, such as space closure, incisor rota-
tions, and intrusive movements.2-15

Two of these earlier clear aligner longitudinal clinical
studies demonstrated plaque control and periodontal health
were improved during treatment.12,13 However, a recent
systematic review of periodontal damage with fixed appli-
ances indicated that, within the current body of controlled
clinical studies in peer-reviewed journals, plaque accumula-
tion and tissue inflammation increased during treatment
and gingival recession and mild bone loss may occur in
some adolescents (who generally have healthier periodontal
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tissues than adults).16 Another plaque-
related problem commonly encoun-
tered in orthodontic treatment with
fixed appliances is decalcification.17-19

To date, no studies or case reports of
decalcification have been published
regarding patients with clear aligners.

Subsequent case reports of clear
aligner treatment could be effective
for closure of mild-to-moderate open
bite without increasing vertical di-
mension, which is contrary to the
mandibular plane usually opening.
This is typically seen with closure
of open bite with fixed appliances.20-22

Successful correction of deep overbite
and class II occlusion; prerestorative
treatment to lessen the amount of
tooth removal required in restorative
dentistry and lower the necessity for
endodontic procedures; rotations of
canines and premolars; and extrusive
movements were all shown to be ef-
fectively managed using new forms
of composite attachments. Improved
protocols for treatment were shown
in these reports.20-23

Another likely benefit of clear align-
er treatment is the apparent lower
risk of root resorption, as only one
recent case report has shown moder-
ate root resorption.24 However, root
resorption with fixed appliances is
common, with an average of 1 mm
for every millimeter of total apical
displacement of the apex of upper
incisors.25 Most studies have report-
ed an average of more than 3-mm
root resorption in 10% of patients
receiving full-fixed appliances.26

Other recent studies found clear aligners could elimi-
nate or minimize the effects of parafunctional habits that
could lead to tooth wear and muscle soreness (myofascial
pain). These studies further determined injury to soft tis-
sues, such as lips, tongue, and the roof of mouth, were very
minimal compared with fixed appliances.27,28

Significant limitations of clear aligners include the
requirement of high patient compliance because the pa-
tient can remove the appliance, making treatment totally
ineffective. Another significant limitation of tooth move-
ment is bodily movement of roots, such as premolar ex-
traction cases or orthodontic movement of impacted teeth.22

Premolar extraction cases can be done with aurilliaries,

Figure 1 A 31-year-old Chinese American with moderate-to-severe periodontitis

and a complaint of protrusion. He wanted to avoid tooth loss.

Figure 2 Pretreatment intraoral photos. Note extreme overjet and overbite.

Figure 3 Pretreatment intraoral radiographs. Note severe bone loss on teeth Nos. 3

and 7 to 10, as well as the lower incisors. No. 3 was extracted soon after these x-rays.
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Figure 4 Interproximal reduction

(IPR) and crown shaping performed

before PVS impressions.



such as hooks29,30 or fixed appliances at some point in
treatment to parallel the roots.3,22 Another limitation is in
patients who are receiving orthognathic surgery and possi-
bly requiring fixed appliances about the time of surgery,
especially if multiple osteotomy segments are planned.31

This article presents three case reports that demonstrate
the periodontal and restorative aspects of patients who
received treatment using clear aligners, which either elimi-
nated the need for certain restorative procedures or created
a better environment for these procedures. 

CASE REPORTS
Case No. 1
Case No. 1 (Figure 1) shows a 31-year-old male with a neg-
ative medical history. His chief complaint was that he “did
not want to lose his front teeth.” He had received peri-
odontal treatment previously but was told his upper and
lower incisors and maxillary right first molar were hopeless
and should be extracted. The initial restorative plan after
extraction of these teeth was upper and lower ridge aug-
mentations because of severe bone loss. This was followed
by placement of restorative implants. 

The examination revealed a severe class II, division I
malocclusion with extreme deep overbite and 14 mm of
overjet. The upper and lower incisors were excessively

flared with spacing between the upper incisors. The profile
was extremely convex, with incompetent lips. The patient
had severe horizontal bone loss on all upper and lower inci-
sors and a 9-mm pocket with vertical bone loss between
No. 7 and No. 8 and 5 mm of root exposed on the distal of
No. 8 from gingival recession.

The patient accepted a treatment plan of reshaping and
reducing the lengths of his upper and lower incisors, fol-
lowed by alignment and improvement of the deep bite and
large overjet (Figure 1 through Figure 4). Tooth No. 3 was
extracted because of its hopeless periodontal prognosis.
The patient realized the limitations of this treatment plan
because the prognosis for these incisors was extremely
guarded and ultimately he would likely lose these teeth.
Space was created to intrude and retract the upper and
lower incisors through intrusion, using the present space
and performing crown-size reduction and interproximal
reduction. Treatment time was 33 months, using an initial
set of aligners followed by two case refinement series of
aligners. The velocity of tooth movement was decreased
from the usual 0.25 mm per stage to approximately 0.15
mm per stage by increasing the number of stages by 25%
to minimize the applied forces and any increase in mobili-
ty of the anterior teeth. Attachments were placed on the
first premolars for retention of the aligners. 
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Figure 6 Posttreatment intraoral

views. Periodontal tissues remained

healthy throughout treatment.

Figure 8 Four years posttreatment

intraoral views. Note healthy tissues

and root coverage of tooth No. 10.

Figure 7 Posttreatment radiographs. Note improved alveolar bone levels by selec-

tive intrusion. 

Figure 5 Posttreatment extra-oral views. Note the reduction in facial convexity and

increased lip competence. 
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The posttreatment results show a large reduction in
both the extreme deep bite and overjet, as well as reduction
of the protrusion with lip competence achieved (Figure 5
through Figure 7). The patient was seen for periodontal
maintenance at 3-month intervals throughout orthodontic
treatment, with reports from his periodontist describing
reasonable control of tissue inflammation and excellent
plaque removal. Mobility improved in teeth either not
being moved or moved only slightly and did not increase
on the upper and lower incisors throughout treatment. He
also had excellent compliance with aligner wear.

Because the long-term periodontal condition of the
upper incisors was guarded, no immediate additional peri-
odontal surgical procedures were done. Although a guided
tissue-regeneration procedure was considered for the verti-
cal defect between teeth No. 7 and No. 8, no action was
taken because this was a wide, one-walled defect. 

Retention was begun, with no additional bone loss. A
connective-tissue graft from the palate was placed to
improve the esthetics of the area of gingival recession on
teeth Nos. 9 and 10. This procedure was done with excel-
lent root coverage. Figure 8 shows the patient more than 4
years after active treatment. 

The patient understood lifetime re-
tention would be necessary. He con-
tinued to wear clear retainers at night
for retention and to minimize the ef-
fects of parafunctional habits. No ad-
ditional tooth wear was noted in the
retention period. The patient is con-
sidering replacement of tooth No. 3
with an implant, which will require a
sinus-lift procedure before placement. 

Case No. 2 
A 57-year-old female presented with
a chief complaint of “spaced upper
front teeth” with “spaces that were
increasing” (Figure 9). The patient
specifically requested that the treat-
ment be done with clear aligners be-
cause she was concerned about es-
thetics with fixed appliances and she
wanted more comfort. She had a neg-
ative medical history and was in peri-
odontal maintenance for several years

because of a previous diagnosis of early-to-moderate peri-
odontitis. She had good oral hygiene and periodontal
health and was negative for temporomandibular joint dys-
function and caries. She had been visiting her general den-
tist regularly and was considering an upper anterior crown
to replace tooth No. 9, which had a crown and endodon-
tics from several years earlier. 

Her occlusion was class I, with a deep overbite and 8
mm of overjet. A posterior crossbite was present on the left
side with tooth No. 13 completely buccal to the lower pre-
molar. Tooth No. 13 also was rotated 180° with the small-
er lingual cusp on the buccal. She had 2 mm of crowding
on the lower arch and 4 mm of spacing on the upper arch. 

The orthodontic treatment plan consisted of 29 months
of clear aligner treatment to close all spaces, correct the
overbite and overjet, and replace the crown on tooth No. 9
posttreatment. The patient provided excellent cooperation
wearing appliances throughout treatment. No fixed appli-
ances were needed because no movements required bodily
tooth movements. 

Unfortunately, the root of tooth No. 9 developed a ver-
tical fracture and was extracted early in treatment. On the

Figure 9 Pretreatment intraoral views. Note the deep overbite, large overjet, and

complete buccal version of tooth No. 13.

Figure 10 These photos show how to provide for tooth loss during clear aligner treat-

ment. Day of extraction of No. 9 (A). Aligner with tooth No. 8 filled with composite (B).

Figure 11 A temporary partial denture for eating or when not wearing aligners

was fabricated with no contact against teeth that are not moving. 
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day of the extraction (Figure 10), the aligner was filled with
a soft, tooth-colored resin at the position of tooth No. 9 to
avoid an esthetic problem. This required changing the final
restorative treatment plan to include the placement of an
implant to replace tooth No. 9. A flipper was constructed
with two circumferential clasps around the second molars
and cut back from the first molars forward to allow tooth
movement when the aligner was removed for eating to
avoid an edentulous area (Figure 11). Fortunately, the ini-
tial computer-aided treatment plan allowed for the proper
size and position of the crown for No. 9 posttreatment. 

The implant to replace No. 9 was inserted when the fi-
nal position of the upper incisors was attained in the last 8
months of treatment. This allowed for healing of the tissue
around the implant while orthodontic treatment was being
completed. 

The final result shows that all goals were achieved. The
only remaining problem was that tooth No. 13 had the small-
er lingual surface facing buccally, which created the ap-
pearance of a smaller crown. Although it was recommended

to the patient that she should at least have the buccal sur-
face built up with composites, she declined; she was sat-
isfied with the overall appearance and believed this tooth
did not affect her smile. 

As shown in 3-year posttreatment photos, excellent es-
thetics was maintained with good stability of the corrected
occlusion because of nighttime wear of clear, removable clear
retainers (Figure 12 and Figure 13). No noticeable tooth
wear was observed.

Case No. 3
A 28-year-old female presented with the chief complaint of
“spaces between her front teeth” (Figure 14 and Figure 15)
but did not want fixed orthodontic appliances. The spaces
were caused by congenitally missing maxillary lateral inci-
sors. She had a class I occlusion with normal overbite and
overjet, with slight crowding on the lower arch. The patient
was negative for active periodontal disease and caries. She
had a history of occasional myofacial pain related to stress
and parafunctional habits. The treatment plan consisted of

Case Report

Figure 12 Posttreatment intraoral view. Note correction of complete buccal crossbite of tooth No. 13. 

Figure 14 Pretreatment intraoral views. Note missing upper lateral incisors. Gingival health was excellent.

Figure 13 Comparison of pretreatment, during treatment, and posttreatment panoramic x-rays. 
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opening spaces for the lateral incisors, which would be re-
placed with restorative implants. The patient was told that
because of the bodily movement required to parallel the
canines and right central incisor, clear aligners could not
perform all of this movement and a period of fixed appli-
ances would be necessary for the completion of treatment. 

Treatment time was 2 years, with good cooperation
throughout treatment (Figure 16). After approximately
75% of the treatment was accomplished with clear align-
ers, fixed appliances using clear brackets on the upper arch
only were used to complete treatment. The final result and
x-ray showed good axial positions of the upper canines and
central incisors (Figure 17). The implant was placed (Fig-
ure 18) with thin veneers on the upper canines and central
incisors for a better overall match in tooth size, shape, and
color with the implant crowns.  

Retention was not needed for the upper arch but the lower
arch, which was initially crowded, needed lifetime night-
time retention with a clear retainer to maintain stability and
minimize further tooth wear (Figure
19). Also, patients are instructed to
wear their retainers at other times
when either myofascial pain returns
or if certain daytime activities cause
them to clench or grind their teeth. 

DISCUSSION
The most significant health benefit of
clear aligner treatment is the reduced
plaque accumulation that results in
improved periodontal health. This is
most likely because the patient is more
conscientious about removing plaque
from the inside of the aligners as a
result of decreased clarity from plaque
build-up and development of a detect-
able malodor.32 Two controlled clini-
cal trials have shown this effect,12,13

which makes this benefit more cer-
tain because of the ranking of such
evidence. A recent study showed fixed
appliances, in the presence of active
periodontitis, can accelerate periodon-
tal breakdown beyond the level ex-
pected from the plaque retention of ap-
pliances only.33 Recent studies have

shown several general health risks, such as diabetes mellitus,
are associated with active periodontitis.34,35 Any appliance
that improves periodontal status could be associated with
improved overall health. 

The presence of severe periodontitis is usually consid-
ered a contraindication for receiving orthodontic treat-
ment with fixed appliances.36,37 However, the first patient
presented in this report shows even someone with severe
periodontitis can be successfully treated with clear aligners
with no further progression of periodontal breakdown,
provided initial control of active inflammation is achieved
and patient compliance with plaque removal and periodon-
tal maintenance is optimum. 

Clear appliances also have a unique feature in their abil-
ity to move teeth with minimal increases in tooth mobili-
ty.32 Mobility can be minimized by reducing the amount
of movement per stage (which increases the number of
stages) and decreasing the applied force. Mobility also can be
reduced by splinting the mobile teeth that are not moving.
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Figure 16 Comparison of frontal intraoral views at pretreatment, end of treatment,

initiation of fixed treatment to parallel roots, and posttreatment. Clear aligner

treatment was repeated for 6 months to finish treatment because patient wanted

fixed appliances removed. Pretreatment (A), 12 months (B), change to fixed to parallel

roots (C), and posttreatment (D).

Figure 15 Pretreatment panoramic radiograph. Note missing upper lateral incisors.
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The teeth that were quite mobile, such as the incisors in
Case No. 1, were programmed to receive reduced veloci-
ties, which lessened the forces that would cause mobility to
increase. This is important for teeth with severely compro-
mised crown-to-root ratios as in Case No. 1 because even
light forces can lead to significantly increased mobility. 

In all three patients, the long-term follow-up photos
and clinical examinations showed no obvious additional
wear was detected on the occlusal surfaces or incisal edges
of any of the teeth throughout the retention period. No
reports of discomfort from appliances or myofascial pain
were reported by any of the patients during the entire
treatment. The probable reason for the lack of muscle sore-
ness is a disclusion of the teeth because of the smooth plas-
tic material between them. This is similar to other types of
splints used for relieving the effects of parafunctional habits,
such as clenching and grinding. 

In Case No. 2, the posterior crossbite correction was fa-
cilitated by the disclusion effect of the appliance and because
in the computer-treatment plan tooth No. 13 was initially
intruded. This was so that when the lingual cusp (actually the
buccal cusp because of the 180° rotation of this tooth) passed
over the lower buccal cusp, there was no opposing tooth

contact, which would have likely increased trauma and
mobility if crossbite elastics had been used. These elastics
generally cause teeth being moved to extrude, which would
likely increase the traumatic occlusion and potentially add
to muscle soreness and mobility because of the increased
premature occlusal contacts. 

The third case shows one of the primary limitations of
computer-aided clear appliances, which is to accomplish
significant bodily movement of teeth. In this case, fixed
appliances were required to complete treatment of parallel
roots adjacent to the implant sites. However, patients will
frequently accept orthodontic treatment if most is done
with clear aligners and use of fixed appliances is restricted
to a smaller portion of the treatment.31

CONCLUSION
The three cases demonstrate how computer-aided clear
aligner  appliance systems can be integrated with periodon-
tal and restorative dentistry to obtain better results than
if no orthodontic treatment had been performed. These
case reports also demonstrate the advantages and disad-
vantages of computer-aided clear aligner treatment when
compared with fixed-appliance treatment. The advantages
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Figure 17 Posttreatment panoramic radiographs before and after implant placement. Note adequate space created for

implant placement. 

Figure 18 Postrestorative treatment. Teeth Nos. 7 and 10

have crowns over the implants. The centrals and canines

were also veneered for better control of crown-form size

matching and color with implant crowns. Gingival health

remained excellent throughout treatment. 

Figure 19 Smile views of prerestorative vs 2 years

postrestorative.
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include reduced plaque accumulation leading to healthier
periodontal tissues and less caries, less increase in tooth
mobility because of the ability to reduce the velocity of
tooth movements (which lowers the forces applied and
splinting of teeth not moving), less chance for tooth wear,
extremely rare root resorption, potentially more effective
correction and stability of mild open-bite correction, less
soft-tissue irritation and myofascial pain, easier periodon-
tal maintenance, bleaching of teeth throughout treatment,
and better patient acceptance for treatment based on im-
proved esthetics and comfort during treatment. This greater
acceptance of the orthodontic treatment by the patients in
this report with clear aligners compared with fixed appli-
ances provided an opportunity for creating an improved
restorative environment that would lead to less tooth re-
duction, a much lower probability for endodontic treat-
ment, and fewer compromised teeth positions that would
adversely affect the final esthetic restorative results. 
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