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Interdisciplinary Management 
of Single-Tooth Implants 
Frank M. Spear, David M. Mathews, and Vincent G. Kokich 

Orthodontists treat many patients who are missing maxillary lateral incisors 
and/or mandibular second premolars. In the past, if the canines could not be 
substituted for lateral incisors, conventional full-coverage bridges were the 
common restoration. Recently, resin-bonded Maryland bridges became a 
popular substitute for conventional bridges to avoid crowns on the nonre- 
stored abutments. However, resin-bonded bridges have a poor long-term 
prognosis for retention, lasting on average about 10 years. Since implants 
were introduced into dentistry by Swedish researchers in the mid-1980s, 
they have become a promising substitute for conventional or resin-bonded 
bridges. However, to successfully place and restore single-tooth implants in 
young orthodontic patients several questions must be answered. This article 
will discuss the many interdisciplinary issues that are involved in placing and 
restoring single-tooth implants in orthodontic patients. (Semin Orthod 1997; 
3:45-72.) Copyright © 1997 by W.B, Saunders Company 

O rthodontists treat many patients who have 
missing teeth. Some of  these individuals 

are adults who have lost teeth because of  caries 
or periodontal disease. However, many partially 
edentulous orthodontic patients have congeni- 
tally missing maxillary lateral incisor and man- 
dibular second premolar teeth. In the past, if 
space closure was not an orthodontic treatment 
option, restoration of the edentulous space was 
the alternative. Previous options for restoring 
edentulons spaces have either been conven- 
tional full-coverage bridges or resin-bonded Mary- 
land bridges. Today, most young patients are 
caries-free. Therefore, fnll-coverage bridges are 
inappropriate. Resin-bonded bridges have a high 
failure rate. Therefore, most dentists as well as 
patients are considering single-tooth implants to 
replace congenitally missing permanent  teeth. 
Implants require interdisciplinary interaction 
between orthodontist, surgeon, and restorative 
dentist. This article will discuss the critical issues 
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that must be addressed to achieve an optimal 
result with single-tooth implants. 

Space Requirement 

Maxillary Lateral Incisors 

If a patient is congenitally missing one maxillary 
lateral incisor, the amount  of space for the 
implant and crown is determined by the contra- 
lateral lateral incisor-. However, in some patients, 
the existing lateral incisor may be peg-shaped. In 
other situations, both lateral incisors are congeni- 
tally absent. In the latter instance what then 
determines the amount  of space for the implant 
and crown? The amount  of space is determined 
by two factors: esthetics and occlusion. 

An esthetic relationship exists between the 
size of the maxillary central and lateral incisor 
teeth. This size ratio has been called the "golden 
proport ion."  Ideally, the maxillary lateral incisor 
should be about two-thirds the width of  the 
central incisor. 1 Most central incisors are be- 
tween 8 and 10 nun wide. If the central incisor is 
8 mm in width, then the lateral incisor should be 
5.5 mm wide. If  the central incisor is 9 nun in 
width, then the width of  the lateral incisor 
should be 6 mm. If the central incisor is 10 mm 
wide then the lateral incisor should be 6.7 mm 
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wide. Therefore ,  the width of most  lateral  inci- 
sors will r ange  f rom 5.5 to 6.7 inm.  

In  some si tuations,  the o r thodon t i s t  may cre- 
ate less t han  ideal  width for the lateral  incisor  
i m p l a n t  and  crown because  of occlusal consider-  
at ions (Figs 1 and  2). The  o r thodon t i s t  shou ld  be 
assessing the pos ter ior  in te rcuspa t ion ,  as well as 
the appropr i a t e  a m o u n t  of overbi te  a n d  overjet. 
If the correct  occ lus ion  has b e e n  achieved, a n d  
the space for the i m p l a n t  crown is too narrow, 
the o r thodon t i s t  shou ld  remove e n a m e l  inter-  

proximal ly  f rom the cent ra l  incisors a nd  can ines  
to provide  addi t iona l  width ib r  the lateral incisor  

Crown. 
The  t radi t ional  width of an i mp l a n t  is 3.75 

ram. The  p la t form on  the i mp l a n t  is abou t  4.0 
m m  wide. This m e a s u r e m e n t  is i m p o r t a n t  be- 
cause the p la t form mus t  fit in te rp rox imal ly  be- 
tween the centra l  incisor  a n d  can ine  at the crest 
of  the alveolar ridge. If the o r thodon t i s t  has 
created 5.5 m m  of space for the lateral  incisor, 
a nd  the p la t form of the i m p l a n t  is 4 m m  wide, 

Figure 1. This patient was congenitally missing the maxillary right lateral incisor (A). During orthodontic 
trealment, space was opened for an implant to replace the maxillary right lateral incisor (B). To match the size of 
the left lateral incisor, the space was 5.5 mm (C). A 3.75 mm implant was placed between the central incisor and 
canine (D). When a wider implant is placed in a narrow space, the amount  of space for the papilla is reduced. As a 
result, the papilla is positioned more apically (E and F). 
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Figure 2. This patient was congenitally missing the maxillary left lateral incisor (A). A 5.5 mm space was created 
for the left lateral incisor to match the size of the existing right lateral (B). In this narrow space, a 2.9 mm implant 
was placed (C and D). With the narrower implant, more space remained between the implant and the adjacent 
tooth and permitted a more esthetic regeneration of natural papillae around the implant crown (E and F). 

less than  1 m m  space  will r e m a i n  be tween  the  
i m p l a n t  a n d  the  a d j a c e n t  cen t ra l  inc i sor  a n d  
can ine  tee th  (Fig 1). Previous  ar t ic les  have sug- 
ges ted  tha t  the  space  be tween  the  i m p l a n t  a n d  
the a d j a c e n t  too th  shou ld  be  at  least  1 m m  for  
p r o p e r  hea l i ng  a n d  to ensu re  a d e q u a t e  space  for  
the  d e v e l o p m e n t  o f  a papi l la .  In  n a r r o w e r  spaces,  
smal le r  implan t s  cou ld  be  used  to p rov ide  addi -  
t ional  space  be tween  the  i m p l a n t  a n d  the  adja-  
cen t  tee th  (Fig 2). I f  the  size o f  the  la te ra l  inc isor  
is 6.7 mm,  the  t r ad i t i ona l  3.75 m m  i m p l a n t  will 

p rov ide  m o r e  than  1 m m  o f  space be tween  the 
p l a t f o r m  a n d  the  a d j a c e n t  tee th .  

A n o t h e r  i m p o r t a n t  a r ea  tha t  is o f ten  over- 
l o o k e d  d u r i n g  o r t h o d o n t i c  f in i sh ing  is the  space  
be tween  the  roo ts  o f  the  cen t ra l  inc i sor  a n d  
can ine  teeth.  I f  space  has b e e n  c r e a t e d  for  the  
i m p l a n t  by mov ing  the  cen t ra l  inc isor  a n d  can ine  
apar t ,  the  roo ts  may  have m o v e d  in to  c loser  
proximi ty .  In  the  l a t t e r  s i tua t ion ,  t h e r e  may  be  
i n a d e q u a t e  space  to fit the  i m p l a n t  be tween  the 
apices  o f  the  cen t ra l  inc i sor  a n d  can ine  teeth.  
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During finishing, the orthodontist  must move 
the apices of the teeth apart to provide adequate 
space for the surgeon to position the implant 
between the roots of the teeth. 

Mandibular Premolars 

Most mandibular  premolars are between 7 and 8 
rain wide. If  the premolar  is congenitally absent, 
the space created for the implant and crown will 
be determined primarily by the posterior occlu- 
sion or intercuspation (Fig 3). If the edentulous 
space is 7.5 mm, and the implant has a 4 mm 
platform, greater than 1 mm of space will remain 

between the implant and the adjacent teeth. This 
amount  of space is sufficient to permit proper  
bone-fill around the implant and leave adequate 
space for a papilla between the implant crown 
and the adjacent teeth. 

Timing of Placement 

Adolescent Patients 

Most orthodontic  patients are about 14 to 15 
years of age al the end of orthodontic  treatment. 
If  a male adolescent completes his orthodontic 
treatment at 15 years of age, and a maxillary 

Figure 3. This patient was congenitally missing the mandibular second premolar (A). Space was opened for an 
implant between the first premolar and first molar (B and C). After orthodontic treatment (D) an implant was 
placed in the second premolar site (E) and restored with a porcelain crown (F). 
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lateral incisor is congenitally absent, at what time 
can the implant be placed? If the implant is 
placed and restored too early, relative to the 
patient's tooth eruption, the reaction of the 
implant will be similar to that of an ankylosed 
tooth. The adjacent teeth may erupt, and a 
discrepancy will be created between the gingival 
margins of  the implant and the natural teeth. 2,3 
In a patient with a high lip line, this could be 
esthetically unacceptable. For these reasons pa- 
tients should have completed the majority of 
their tooth eruption before the placement of an 
implant. 

Teeth erupt  in response to growth. The ques- 
tion that the orthodontist  must answer is whether 
or not the patient has completed the majority of 
their facial growth. A hand-wrist radiograph is 
inappropriate for the latter assessment because it 
is not  specific enough for each patient. The best 
method of evaluating the completion of facial 
growth is by superimposing sequential cephalo- 
metric radiographs (Fig 4). Most boys have not 
completed their facial growth until the late 
teenage years. A 14- or 15-year-old boy may not 
have gone through their adolescent growth spurt. 
It is advisable to wait until an adolescent male has 

E 

,8-,0 ~ _ . . ~  ~ _  j /  

F 

Figure 4. Orthodontic treatment was begun on this patient at 12 years, 1 1 months of age and completed at 15 
years, 3 months of age (A and B). Over the time of treatment, the patient grew significantly (C). Sequential 
cephalometric superimpositions made after orthodontic treatment (D, E and F) indicated that the patient had 
not completed facial growth and was theretore not ready fbr implant placement until 18 years, 10 months of age. 
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comple ted  growth in height. At that point, a 
cephalometr ic  radiograph should be taken. An- 
o ther  radiograph should be taken at least 6 
months  to a year later. I f  these radiographs are 
super imposed and there are no changes in 
vertical facial height  (nasion to menton) ,  then 
this indicates that most  of  the facial growth has 
been  completed.  I f  an implant  is placed at that  
time, significant erupt ion of adjacent teeth would 
not  be expected. 

In girls, the growth of the face is often 
comple ted  by 15 years of  age. Therefore ,  it may 
be possible to place implants for congenitally 
missing teeth as early as 15 years in girls without 
the risk of  erupt ion of adjacent teeth. However, 
sequential cephalometr ic  radiographs should be 
compared  to verify that vertical facial growth has 
ceased. 

Adults 

Implants  can be placed in adult patients at any 
time after the edentulous space has been opened.  
In most  situations, it is easier to wait until the 
appliances have been  removed before placing 
the implant.  However, in some patients, it may be 
advisable to place an implant  immediately after 
extraction of  a fractured or hopeless tooth (Fig 5). 
For example,  if a maxillary lateral incisor has a 
vertical fracture or  an untreatable  per iodontal  
defect  and must  be extracted, the implant  can be 
placed immediately (Fig 5). In these situations, if 
or thodontics  has been  initiated to align adjacent 
teeth, the extraction of the hopeless tooth, and 
the p lacement  of  the implant  may be accom- 
plished dur ing the or thodont ic  t rea tment  to 
ensure that the alveolar ridge does not  resorb. 
Final restoration of  the implant  may be delayed 
until after the or thodont ic  appliances have been 
removed.  

Changes in Ridge Width 

If  an adolescent male completes  or thodont ic  
t rea tment  at age 15, and if an implant  replacing 
a lateral incisor will not  be placed until age 20, 
the buccolingual thickness of  the alveolar ridge 
could decrease over that per iod of  time. Signifi- 
cant narrowing of the ridge could jeopardize  
p lacement  of  an implant.  Previous research has 
shown that after tooth extraction, the maxillary 
anter ior  buccolingual width is reduced by 23% 
in the first 6 months  (Fig 6). After 5 years an 

additional 11% loss in ridge width occurs. There-  
fore, after tooth extraction, the ridge width will 
narrow by approximately 34% over 5 years. 4 

When tile maxillary lateral incisor is congeni- 
tally absent, the canine may erupt  adjacent to the 
central incisor. As the p e r m a n e n t  canine is 
moved distally to create space for a lateral incisor 
implant,  an alveolar ridge is created (Fig 7). 
What happens  to the buccolingual width of  this 
bone  over time? This question was addressed in a 
recent  study. 5 

A sample of  20 patients with congenitally 
missing lateral incisors were evaluated at the end 
of or thodont ic  t rea tment  and at an average of 4 
years after appliance removal. All patients were 
congenitally missing at least one lateral incisor 
tooth. Space was created for restorations in all 
edentulous sites. Tomograms through the eden- 
tulous ridge were made at the 4-year recall. 
Maxillary dental casts were sectioned across the 
edentulous ridge. Compar ison of post t rea tment  
and long-term measurements  of  the dental casts 
and tomograms revealed the amoun t  of  change 
that occurred  across these edentulous ridges 
with time. The amoun t  of  bone  loss in this 
sample was less than 1% over 4 years. If  teeth are 
extracted, the ridge will narrow by 34%. 4 If  the 
edentulous alveolar ridge has been created by 
the or thodont ic  separation of two teeth, little 
resorptive change will occur over time. 

Based on this information,  the or thodontis t  
should allow tile p e r m a n e n t  canines to e rupt  
mesially if the maxillary lateral incisors are con- 
genitally absent (Fig 8). As the canines are 
moved distally, an edentulous ridge will be cre- 
ated. Over time, this ridge will not  resorb as 
much  as a ridge resorbs following tooth extraction. 

Timing Extraction of Primary Teeth 

Maxillary Arch 

If  the maxillary lateral incisor tooth is congeni- 
tally absent and the maxillary canine has e rupted  
distal to the central incisor, the pr imary  canine 
may still be present  distal to the p e r m a n e n t  ca- 
nine. When should the pr imary  canine be ex- 
tracted (Fig 9)? If  it is extracted too early, the 
ridge will undergo  resorption and the buccolin- 
gual thickness will decrease. However, the perma-  
nent  canine must be moved into the pr imary ca- 
nine space. In this situation, the pr imary  canine 
should be extracted .just before moving the 
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Figure 5. This patient's maxillary right lateral incisor had an unresolvable periodontal defect (A and B). The 
teeth were aligned (C), the lateral was extracted, and an implant was placed immediately (D). A plastic tooth was 
used to hold the space after implant placement (E-H). 
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Figure 6. Alter orthodontic treatment (A), this patient avulsed the maxillary left lateral incisor (B and C). 
Although the ridge had narrowed because of the loss of the tooth, an implant was placed (D and E) and the labial 
was augmented with bone. After uncovering, a retainer (F), was used to permit healing of the soft tissue around 
the healing abutment (G). Alter the tissue had healed adequately, the final restoration was placed (H). 
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Figure 7. This patient was congenitally missing the maxillary right lateral incisor (A). The canine and central 
incisor had erupted adjacent to one another. During orthodontics, the central and canine were moved apart (B). 
As the teeth were separated, the alveolar ridge was created for placement of an implant (C and D). 

p e r m a n e n t  canine distally. This will ensure that 
significant resorption of the ridge will not  occur. 

Mandibular Arch 

If  the mandibular  second premolars  are congeni- 
tally absent, the pr imary  second molars may still 
be present  in the dental arch. Should these teeth 
be extracted early to permi t  p lacement  of  an 
implant? If  the pr imary  molar  is extracted, the 
ridge thickness will decrease by about  30%. ~ 
There  is another  alternative. If  the pr imary  
second molar  is not ankylosed, it can be reduced 
in width by interproximal  removal of  enamel  and 
dentin (Fig 10). Mandibular p r imary  second 
molars are approximately 10 to 12 m m  wide. By 
reducing the mesial-distal width, the tooth can 
be narrowed to about  8 mm. By retaining the 
pr imary second molar, but  reducing its width, 
the buccolingual thickness of  the alveolus will be 
maintained. When the pat ient  has comple ted  
growth, the pr imary molar  may be extracted, and 
an implant  can be placed. By retaining the 
pr imary molar, the width of the alveolus will be 

mainta ined and p lacement  of  the implant  may 
be simpler and more  predictable. 

If  the mandibular  second premolar  is congeni- 
tally absent, and the pr imary  molar  is ankylosed, 
it will be progressively submerged  as tile adjacent 
teeth erupt.  This will create a vertical defect 
between the adjacent first p remolar  and first 
molar  that could complicate the p lacement  of  an 
implant  at a later time. In this situation, the 
ankylosed pr imary  molar  should be extracted 
early. Studies have shown that the alveolar crest 
will follow the adjacent first molar  and first 
p remola r  as they erupt.  This will prevent  a 
vertical defect in the edentulous ridge. I r a  12-or 
13-year-old girl has an ankylosed pr imary  second 
molai, it may not  need  to be extracted. A girl may 
have limited growth of the mandible  remaining 
and, therefore,  the adjacent teeth will have 
reduced erupt ion potential. 

If  a p r imary  molar  is extracted at a young age, 
and the buccolingual thickness of  the ridge 
decreases, the ridge may need augmentat ion 
before placing an implant. In some situations, 
orthodontics  can be used to augment  the ridge. 
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Figure 8. If maxillary lateral incisors are congenitally absent (A), it is advantageous to allow the canines to erupt 
adjacent to the central incisors (B). As the canines are moved distally (C), the edenmlous ridge is created (D). 
This will provide an adequate ridge for implants to be placed and restored (E and F). 

In other  cases, bone  grafting may be necessary to 
build up a ridge before placing the implant.  

Orthodontic Ridge Augmentation 

Guided Eruption 

If  a pr imary  second molar  is ankylosed and 
submerged,  and the second premola r  is congeni- 
tally absent, it is impor tan t  to extract the pr imary  
molar. This is especially true if the pat ient  is 
young. By extracting the pr imary  molar  early, the 
first p remola r  will e rup t  into the space occupied 
by the pr imary  molar  (Fig 11). The  first p remo-  

lar will bring bone  as it erupts. As the teeth 
continue to erupt,  the ridge will develop. At a 
later time, when or thodont ic  t rea tment  is initi- 
ated, the first p remola r  and molar  can be moved 
apart  to create the edenmlous  ridge for place- 
men t  of  the implant  (Fig 11). 

Orthodontic Movement 

In some patients, extraction of an anklyosed 
pr imary  second molar  may have been  delayed. 
The  pr imary  second molar  becomes submerged 
as the adjacent teeth erupt.  When the pr imary  
molar  is eventually extracted, a significant verti- 
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Figure 9. This patient was congenitally missing the maxillary right and left permanent canines (A). The primary 
canines were retained until the anterior teeth were aligned (B). Two months after extraction of the primary ca- 
nines, the implants were placed (C). After orthodontic treatment (D) a maxillary retainer was placed to maintain 
the space before uncovering the implants (E). After uncovering, crowns were placed on both implants (F). 

cal and  buccol ingual  defect  may be p roduced .  
Because o f  the r educed  buccol ingual  thickness, 
an implan t  c anno t  be placed in this type o f  ridge. 
One  opt ion  for  cor rec t ing  this p rob lem is to 
place a b o n e  graft in the area. The  o the r  op t ion  
is to move the first p r emola r  into the eden tu lous  
space and to place the implan t  in the posi t ion 
previously occup ied  by the first premolar .  

A potent ia l  consequence  o f  this type o f  too th  
m o v e m e n t  is that  recession will occur  as the 
p remola r  is moved  into the eden tu lous  space. 
However, previous studies have shown that  alveo- 
lar cortical b o n e  will be depos i ted  ahead  of  the 

tooth,  if the too th  is moved  slowly and  if the 
gingival tissue is healthy. By moving  the tooth 
slowly, the pe r ios teum on the buccal  and  lingual 
surfaces o f  the alveolus will fo rm b o n e  as teeth 
are moved  into the eden tu lous  site. I f  the too th  is 
moved  too rapidly, a dehiscence  may occur. 

In some patients,  p e r m a n e n t  teeth  may have 
been  ext rac ted  because  o f  caries or  t rauma. The  
eden tu lous  space may close and  create a dental  
asymmetry  (Fig 12). In  these situations, instead 
o f  extract ing three  o ther  p e r m a n e n t  teeth to 
resolve the asymmetry,  it may  be m o r e  advisable 
to r e o p e n  the space and  place an implant.  W h e n  
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Figure 10. This patient was congenitally missing the mandibular  right second premolar  and the primary second 
molar was not ankylosed (A and B). To create the appropriate amount  of space for a second premolar  implant, 
the primary molar was reduced in width (C and D). Two years after orthodontic treatment (E and F), the primary 
second molar is still in place, helping to maintain the alveolar width as well as space for an implant. 

two tee th  are  m o v e d  a p a r t  o r thodon t i ca l ly ,  alveo- 
lar  b o n e  will be  d e p o s i t e d  b e h i n d  the teeth.  This  
will r ec rea t e  an  e d e n t u l o u s  r i dge  a n d  al low an  
i m p l a n t  to be  p l a c e d  w i thou t  b o n e  gra f t ing  
(Fig 12). 

Surgical Ridge Augmentation 

Ridge Resorption 

Ridge  r e s o r p t i o n  can  occu r  in a b u c c o l i n g u a l  
d i m e n s i o n  a n d  in an  a p i c o c o r o n a l  d i m e n s i o n .  
W h e n  the  r idge  is less than  4 m m  in width,  

a u g m e n t a t i o n  p r o c e d u r e s  a re  r e q u i r e d  be fo re  
p l a c e m e n t  o f  the  i m p l a n t  (Fig 13C). Signi f icant  
a p i c o c o r o n a l  r i dge  r e s o r p t i o n  may  have oc- 
c u r r e d  a n d  will also r equ i r e  a u g m e n t a t i o n .  This  
can be  a c c o m p l i s h e d  be fo re  i m p l a n t  p l a c e m e n t  
o r  at  the  t ime o f  i m p l a n t  p l a c e m e n t ,  so tha t  the  
h e a d  o f  the  f ix ture  will be  p o s i t i o n e d  in the  
p r o p e r  loca t ion  for  idea l  r e s to r a t i on  a n d  esthet-  
ics. W h e n  the  r idge  wid th  is in the  4 to 5 m m  
range ,  it  may  be  poss ib le  to p lace  the  i m p l a n t  
even t h o u g h  the  bucca l  a spec t  may  have a 
f enes t r a t ion  o r  deh i scence .  T h e  de f i c i en t  a rea  
can be  a u g m e n t e d  at  the  t ime o f  p l a c e m e n t :  
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(Fig 6). However, if the ridge is too narrow to 
stabilize the implant or place it in an appropriate 
functional and esthetic location, then pre- 
implant ridge augmentation will be necessary 
(Fig 13). 

Timing of Ridge Augmentation 

After the adjacent teeth are in proper  alignment, 
ridge augmentation a n d / o r  implant placement 
can be accomplished. When grafting procedures 
are required to augment  a ridge, it takes about 9 
months for the bone graft to be stable enough to 
place an implant. In this situation, it is most 
advantageous to plan the procedure as soon as 
the proper  tooth alignment is achieved by the 
orthodontist. This may mean that the procedure 
could be accomplished 1 year before band re- 
moval. This would allow the surgeon to proceed 
with placement of the implant near the end of 
orthodontic treatment or shortly after the appli- 
ances have been removed and a Hawley appli- 
ance, or other space maintaining device has 
been placed. After the graft has matured, an 
implant should be placed soon to avoid resorp- 
tion of the grafted ridge (Fig 14E). 

Ridge Augmentation Techniques 

Membranes. Resorbable and nonresorbable 
membranes have been used to augment  implant 
sites either before implant placement or at the 
time of implant placement if a dehiscence is 
present. 8 Augmentation can be accomplished in 
a buccal, lingual and incisal dimension. The 
nonresorbable membranes (Gore-Tex, W.L. Gore 
& Associates Inc, Flagstaff, AZ) tend to give 
better results because the barrier effect is more 
long-lasting. The resorbable membranes (Lalu- 
bone [Ultimatics, Inc, Springdale, AR], collagen, 
Resolut [W.L. Gore & Associates] will last only a 
few months, and after that period of time the 
barrier effect is diminished. This could have an 
adverse effect on the eventual amount  of bone 
augmentation. The use of  titanium reinforced 
Gore-Tex has improved the technique by allow- 
ing greater incisal (vertical) augmentation ~ (Fig 
14). The reinforcement with titanium prevents 
collapse of the membrane which could also 
diminish the amount  of bone growth. 

The surgery involves a full thickness flap, 
decortication of the area to be grafted with a 
small round bur, and placement of graft material 
or a space making device I<H (Fig 13). Grafting 

material is placed over the decorticated bone 
surface. ~2 When a nonresorbable membrane  
(Gore-Tex) is used, it is preferable to stabilize the 
membrane at the periphery with screws or tacks 
(Memphix, Strauman, USA, Cambridge, MA) 
(Fig 14C). Membrane stabilization plays an impor- 
tant part in achieving maximum bone growth. 
The membrane  seals this area from the flap 
which is re turned to its original location and 
sutured. 

Autogenous bone which can be obtained 
from the tuberosity, the ramus, or the symphysis 
area is the traditional choice. However, other 
types of  materials such as freeze-dried bone and 
other allograft materials have been shown to 
accomplish adequate results (Fig 13). Allografts 
may require longer maturation time to achieve a 
solid bony base for placement of the implant. It 
is preferable to leave the nonresorbable mem- 
brane for at least 9 months or preferably longer 
to achieve opt imum results. The disadvantage of 
a nonresorbable membrane  is that it must be 
removed surgically. Resorbable membranes re- 
sorb in about 2 months. When the surgeon can 
place an implant and simply augment  a small 
buccal dehiscence or fenestration, it is common  
to use a resorbable membrane.  Howevm; if a 
ridge needs to be augmented before implant 
placement, the nonresorbable membrane allows 
for a greater amount  of bone growth on a more 
predictable basis. 

Bone grafts. Another  method of augmenting 
the ridge in a buccal, lingual, or incisal direction 
is to use blocks of bone. 1~ These bone blocks can 
be obtained from the iliac crest, the mandibular 
symphysis, or from the mandibular  ramus. 14 A 
full-thickness flap is reflected, the area is decorti- 
cated, and the block graft is shaped and screwed 
into the site. The flap is returned to its original 
location and sutured. These grafts have been 
very successful, especially for vertical augmenta- 
tion. The disadvantage is the additional surgery, 
and expense. Bone blocks only require about a 
6-month healing period before the implant can 
be placed. Occasionally, if the ridge is wide enough, 
the implant can be placed at the same time that the 
bone block is stabilized. 15,16 This is accomplished by 
drilling into the site and using existing bone and 
grafted bone to stabilize the fixture. 

Osteotome Ridge Splitting Technique 

The osteotome technique for ridge augmenta- 
tion can be used if the ridge is 3 to 4 mm wide. 17 
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Figure 11. This patient was congenitally missing the mandibular right second premolar. The mandibular left 
second premolar was malformed (A). The primary teeth were ankylosed and extracted (B). As the remaining 
teeth erupted (C, D, and E), the first premolar erupted distally in contact with the first molar (F). 

Narrower  ridges can also be widened with the 
addition of bone  gratis. If  the ridge is knife-edge, 
this technique will be problematic.  The tech- 
nique inw)lves the use of  sequentially larger 
osteotomes to expand the ridge so an implant  
can be placed. This is a slow wedging process to 
avoid splitting the ridge. 

A similar technique involves actual ridge split- 
ting. A full-thickness flap is reflected and a 
crosscut fissure bur  is used to make a midcrestal 
cut. Small vertical cuts are made,  and the ridge is 
split gently with an osteotome or chisel. A green- 
stick fracture is made,  and the ridge is widened. 
Variations of  this technique can involve ei ther  

p lacement  of  the fixture a n d / o r  p lacement  of  
grafting materials within the split to maintain the 
widening of  the ridge. The  flap is re turned  to its 
original location and sutured. Approximately 6 
months  healing is required before ei ther place- 
men t  or uncovering of  the implants. 

Space Maintenance 

During Orthodontics 

If  space has been  created for an implant,  it must  
be mainta ined dur ing the or thodont ic  treat- 
ment.  In the maxillary anter ior  region, plastic 
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Figure 11. (Cont'd). In order to reduce the overjet (G) and maintain upper lip support (H), space was opened 
for second premolar implants (I and J). After orthodontic treatment, the implants were restored with porcelain 
crowns (K and L). 

teeth can be shaped to fit into the edentulous 
space (Fig 15). Lateral incisor prosthetic teeth 
should be contoured  to avoid impinging on the 
alveolar gingiva. It is impor tan t  not  to impinge 
on the tissue mesial and distal to the pontic, 
because this area will become  the papilla after 
implant  placement.  A bracket  can be placed on 
the tooth so that it can be at tached to the 
archwire and ligated to the adjacent teeth. This 
will maintain the space dur ing the complet ion of 
the or thodont ic  therapy. 

In the mandibular  posterior  region, esthetics 
is not  as critical. Therefore  a prosthetic tooth is 
not necessary. In this situation, a piece of  closed- 

coil spring may be placed on the archwire to 
keep the first p remola r  and first molar  apart  dur- 
ing the finishing phase of orthodontics  (Fig 3). 

After Orthodontics 

Maxillary lateral incisor implants usually are not  
placed until after orthodontics.  If  only a short  
per iod of  t ime is anticipated between appliance 
removal and implant  placement ,  a removable 
retainer  with a prosthetic tooth is ideal (Fig 15). 
This will pe rmi t  p lacement  of  the implant  and 
uncovering of the implant  while the retainer is 
being worn. It  is impor tan t  to adjust the retainer 
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Figure  12. This pat ient  had the mandibula r  r ight first p remola r  extracted at an early age (A and B). As a result, 
the mandibula r  dental  midl ine  had shifted to the right and excess ovmjet  had been  created. To preserve facial 
esthetics (C), space was o p e n e d  for a first p remola r  implant  (D). After the implant  was placed, it was uncovered,  
(E-H) and restored to improve the patient 's  occlusion and facial esthetics. 
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so that it rests on the cingula of the adjacent 
central incisor and canine. This will prevent 
impingement  of the interproximal tissue and 
avoid inflammation and transmucosal loading of 
the implant. The plastic tooth on the retainer 
nmst be contoured to permit development of  an 
adequate papilla around the implant (Fig 15D). 
The plastic tooth should be reinforced with wire 
to avoid breakage when the implant is uncov- 
ered, and the healing cap is placed. If a period of 
4 or 5 years is anticipated before implant place- 
ment, it might be advisable to place a resin- 
bonded bridge as a temporary restoration to 
maintain the space. It is not  reasonable to 
consider that the patient will wear a removable 
appliance over that period of time. A removable 
retainer with a prosthetic tooth will gradually 
deteriorate and become less esthetic over time. 

Alter orthodontic treatment, mandibular pos- 
terior edentulous spaces should be maintained 
with a fixed rather than a removable retainer. It 
is difficult to construct adequate occlusal rests 
on the teeth to avoid impinging on the tissue 
with a removable retainer. In addition, younger  
patients may not wear the mandibular retainer 
and adjacent teeth could move. A fixed buccal 
retainer with a mesh pad that is bonded to the 
teeth is an excellent method of  retaining this 
space (Fig 16). The wire should not interfere 
with the occlusion. It also must not  interfere with 
the final impression for the implant crown. This 
type of retainer can be removed when the crown 
has been placed on the implant. 

Implant  P lacement  

Presurgical Planning and Stent Fabrication 

Presurgical planning requires a carefifl under- 
standing of bow implant placement affects the 
outcome of the final restoration. Three dimen- 
sions are considered when placing an implant: 
buccolingual position of the body of the fixture, 
buccolingual angulation, and depth of place- 
ment  below tissue. To identify the correct loca- 
tion for placement in each of these areas, the 
ideal restoration must be envisioned. First, it 
should have a smooth labial emergence profile 
to provide support  to the gingiva, and should be 
easy to clean. A ridge lap design should be 
avoided, because the esthetics are dependent  on 
no change in the underlying soft tissue. The 

angulation and depth should allow for minimal 
metal thickness below tissue so that no graying of  
the gingiva occurs. The depth should allow for a 
smooth contour, but not too far below tissue, so 
the technical aspects of impression making, tem- 
porization, and seating of  the abutment  and 
crown are facilitated. 

By visualizing these ideal goals, the following 
guidelines can be used for presurgical planning 
and stent fabrication. The buccolingual position 
of the body of  the implant should be as far to the 
labial as possible when esthetics is a concern. 
This provides the smoothest emergence profile 
from implant head to cervical contour of the restora- 
tion. The more lingual the implant is placed, the 
more abrupt this emergence profile will be. The 
angle of the implant should be directed at the incisal 
edge of anterior teeth or the central fossa of poste- 
rior teeth. For incisors, this angulation provides a 
smooth emergence profile, and the opportunity to 
create the thinnest possible metal collar on the 
abutment. The more i~acially the implant is angled, 
the thicker the metal collar must be to correct 
the angulation problem. The more palatal the 
implant is placed, the more abrupt  the emer- 
gence profile becomes on the facial. 

The depth of the implant should be 3 to 4 mm 
below the desired free gingival margin of the 
final restoration. This allows for 2 to 3 mm of 
porcelain below the tissue to provide the best 
color of the gingiva surrounding the implant. It also 
allows for minimal sulcular depth to avoid biological 
problems. It is the restorative dentist who is respon- 
sible for creating a stent that guides the surgeon so 
that these placement objectives can be met. The 
most critical areas that must be included in the stent 
to accomplish these goals are: the desired incisal 
edge position of the final restoration and the de- 
sired free gingival margin of the final restoration. 

The simplest way to accomplish these objec- 
tives is to start with a diagnostic cast with the 
correct tooth position. Then a composite tooth 
with correct contour  and gingival outline is 
created in the edentulous space using a light- 
cured material (Triad, Dentsply Trubyte, Trubyte 
Division, York, PA). After the tooth form is 
completed, the cast is lubricated and a clear 
pressure formed matrix is created from heavy 
stent material (Copyplast 1.0 × 125 mm, Great 
Lakes Ortho, Tonawanda, NY). Then this stent is 
t r immed to cover the incisal half of the ad- 
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Figure 13. This patient was congenitally missing the maxillary right lateral incisor (A) and space was opened for 
an implant (B). Because the ridge was too narrow (C), a bone graft was placed (D and E) and covered with a 
membrane (F) to augment the ridge. 

jacent  two teeth on each side of  the edentulous 
area, and carefully adjusted to maintain the 
entire labial surface including the free gingival 
margin in the implant site (Fig 17). The incisal 
edge is then perforated in the center of the tooth 
mesiodistally with a number  8 round bur to allow 
the implant guide drill to fit through it (Fig 17). 
This simple stent provides all the key elements 
needed for implant placement, and can be used 
to index the fixture after it has been placed by 
simply cutting the incisal half of  the tooth off in 
the implant area, and luting an impression 

coping to the stent with quick-setting acrylic (GC- 
Pattern Resin, GC America Inc, Chicago, IL). 

Implant Placement 

The advent of nmltiple implant systems and sizes 
of fixtures has greatly facilitated the surgical 
process. When a patient is congenitally missing a 
maxillary lateral incisor, the space requirements 
are critical. Often, the mesiodistal width may be 
5.0 to 6 ram. A standard size implant is 4 mm 
wide at the top platform. This leaves a narrow 
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Figure 13. (Cont'd). After 8 months (G) an implant was placed (H) and the retainer was adjusted m permit 
healing of the tissue (I and J). After 6 months the final crown was cemented (K and L). 

space between the head of the implant and the 
adjacent tooth, which makes restoration more 
difficult and creation of  proper  papillary form 
more challenging (Fig 1). With narrower im- 
plants (3.0 to 3.25 mm) it is possible to replace 
maxillary laterals and mandibular incisors and 
still leave more than 1 mm distance between the 
head of the implant and the adjacent tooth (Fig 
2). Also, in ridges which are narrower buccolin- 
gually, the smaller implants are very useful in 
preventing dehiscences and fenestrations that 
would require additional grafting and possible 
use of membranes. 

In the maxillary anterior region, bicortical 
stabilization can be achieved if the proper  length 
of  fixture is used. The apical end of  the fixture 
can be stabilized in the cortical bone that bor- 
ders the nasal spine, and the platform of the 
fixture can be stabilized in cortical bone on the 
crest of the ridge (Fig 5E). 

The surgical technique is usually accom- 
plished with a thll thickness flap. If an implant is 
placed into an extraction site, minimal reflection 
of  tissue is necessary buccally or lingually) s 
Sequentially larger twist drills are used to pre- 
pare the implant site. It is extremely important  
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Figure 14. This patient had avulsed the lateral incisor and canine (A) and the ridge was decorticated. Reinforced 
membrane was used to prevent collapse of the soft tissue during bone augmentation (B, C, and D) so that 
implants could be placed with sufficient bone (E and F). 

that adequate irrigation and cooling is main- 
tained during drilling to minimize "burning of 
the bone"  which can prevent integration and 
cause implant failure. A surgical stent is often 
used to help the surgeon place the fixture at an 
opt imum angle, to facilitate the best functional 
and esthetic restoration (Fig 17). 

Proper vertical placement of  the implant is 
paramount  in facilitating the restorative proce- 
dures. Some surgeons recommend  placing the 
implant 3 to 4 mm apical to the adjacent cemen- 
toenamel junction. However, this would place a 
maxillary lateral incisor implant too deep api- 

cally and would create a sulcular depth of 6 mm 
or more from the gingival margin to the head of 
the implant. This may cause maintenance prob- 
lems and potential gingival abscess. A better 
guideline for vertical placement of implants is to 
place the head of  the fixture about 4 mm apical 
to the desired gingival margin. (Fig 17) This will 
produce an ideal emergence profile for the 
restorative dentist and also will create a maintain- 
able 3 to 4 mm sulcular depth around the 
implant crown. 

After placement of  the implant, a cover screw 
is placed and the flaps are sutured to achieve 
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Figure 15. This patient is congenitally missing both maxillary lateral incisors (A). Space was opened tor implants 
(B). To maintain the space during orthodontics, plastic teeth were contoured (C), bracketed (D), and placed on 
the arch wire. After orthodontic treatment (E) a maxillary retainer with two prosthetic teeth was placed to hold 
the space before implant placement (F). 

p r imary  closure. O p t i m u m  heal ing t ime in the 
maxillary arch is 6 to 8 months .  This will vary 
d e p e n d i n g  on the type o f  b o n e  and  whe the r  or  
no t  b o n e  graft ing and  m e m b r a n e s  were placed. 
In the mandib le  4 to 6 mon ths  is usually ad- 
equate  to allow for  osseointegrat ion.  

Temporary Restoration 

For short- term temporiza t ion after implant  place- 
ment ,  a removable  re ta iner  with an a t tached 
tooth  is an acceptable op t ion  for  mos t  an te r ior  
teeth. However, a more  precise b o n d e d  tempo-  

rary  res torat ion can be easily const ructed .  It is 
very stable, and  is easy to remove  and  replace for  
any subsequent  surgical procedures .  The  b o n d e d  
t e m p o r a r y  el iminates the risk o f  tissue impinge-  
m e n t  f rom a retainer. Patients often prefer  a 
b o n d e d  t empora ry  restorat ion.  It is m o r e  es- 
thetic and  comfor table ,  and  it will maintain 
in terproximal  tissue levels bet ter  than a r e m o >  
able retainer. 

The  cons t ruc t ion  is relatively simple. A study 
mode l  is made  of  the eden tu lous  area. A piece o f  
0.20 o r t hodon t i c  wire is ben t  to lie 2 m m  on to  
the l ingual surface o f  the teeth  adjacent  to the 
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Figure 16. This patient was congenitally missing the mandibular  right second premolar  (A). After orthodontic 
treatment, a bonded wire and mesh retainer was placed to maintain the edentulous space (B and C). This is a very 
effective way of providing access for the surgeon and restorative dentist during implant placement and restoration 
(D, E, and F). 

e d e n t u l o u s  space  wi thou t  i n t e r f e r i n g  with the  
occ lus ion .  In  add i t i on ,  the  b e n d s  e x t e n d  the  wire 
facial ly in to  the  e d e n t u l o u s  a r ea  so it is com-  
p le te ly  w r a p p e d  by the  res tora t ive  mater ia l .  O n c e  
the wire is ben t ,  it  can  be  h e l d  in p lace  on  the  
m o d e l  with sticky wax, a n d  t h e n  any too th-  
c o l o r e d  c o m p o s i t e  can  be  m o d e l e d  a r o u n d  the  
wire to the  c o r r e c t  t oo th  co lo r  a n d  form.  T h e  
wire is c h o s e n  over  the  c u r r e n t  r e i n f o r c e d  m e s h  
systems because  it makes  the  t e m p o r a r y  m u c h  
eas ier  to r emove  a n d  rep lace .  

T h e  t e m p o r a r y  is t r i ed  in the  m o u t h ,  and  
t hen  l u t e d  to the  a d j a c e n t  t ee th  with too th-  
c o l o r e d  c o m p o s i t e  a n d  ac id-e tch  b o n d i n g .  To 
r e m o v e  it w i thou t  d a m a g i n g  the  a d j a c e n t  tee th ,  a 
7902 f in i sh ing  b u r  is u sed  to o p e n  up  the  facial 
embrasu re s .  T h e n  a h i g h - s p e e d  b rown ie  p o i n t  
(Shofo,  M e n l o  Park,  CA) is u sed  to r emove  the  
c o m p o s i t e  a r o u n d  the  wire. This  p o i n t  will take 
the  c o m p o s i t e  of f  w i thou t  a b r a d i n g  the  too th  
surface.  Af te r  removal ,  the  h i g h - s p e e d  b rownie  is 
u sed  to r emove  excess c o m p o s i t e  on  the  a d j a c e n t  
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Figure 17. After orthodontic treatment (A), a stent was constructed to duplicate the eventual gingival margin 
level of the final crown (B). This stent is used to establish the correct angular and vertical position of the implant 
(C and D). 

teeth. At uncovering, this same temporary can 
be used by simply reshaping its undersurface to 
adapt to the healing abutment and tissue changes. 

Surgical Uncovering 

Surgical Uncovering of the Implant 

After the implant has had adequate time to 
osseointegrate, it can be uncovered. In the orth- 
odontic patient, usually the bands and brackets 
have been removed, and the patient has either a 
removable or fixed retainer to maintain the 
edentulous space. Two different techniques can 
be used to uncover implants. 

The most common technique is to reflect a 
full-thickness flap, place a temporary titanium 
healing abutment, and suture the flap around 
the abutment. In the maxillary arch, the full- 
thickness flap originates toward the palatal sur- 
face to gain as much attached gingiva as possible 
(Fig 18). Vertical incisions are made over the 
adjacent teeth and the full-thickness flap is re- 
flected. Often, bone must be removed from the 

cover screw to allow for its removal. The proper  
size and length of the temporary healing abut- 
ment is selected and seated on top of  the 
implant. Additional buccal augmentation can 
also be accomplished for improved esthetics. 
This can be done with either connective tissue 
taken from the palate or allograft materials. The 
flap is sutured slightly over the occlusal aspect of 
the healing abutment  to permit maximum aug- 
mentation in a vertical direction (Fig 18). This 
will also permit reconstruction of  the interproxi- 
mal papillae. By using the palatal approach, the 
restorative dentist will have an opt imum amount  
of  thick attached gingiva which can be molded 
during the provisional stage. The flaps are su- 
tured with resorbable sutures. In about 4 weeks 
the restorative dentist can begin the restorative 
process. 

Another  technique to uncover implants is the 
"punch  technique" (Fig 19). This technique is 
not  used often because it requires an ideal 
alveolar ridge. The ridge must have adequate 
thickness, adequate attached gingiva, ideal im- 
plant placement with proper  angulation, and not 
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Figure 18. The maxillary right canine was traumatized, extracted (A), and an implant was placed 2 weeks alter 
extraction (B). After 8 months (C), the implant was uncovered (D), and the tissue was positioned over the healing 
abutment (E and F). This facilitated contouring and regeneration of the marginal gingiva and papillae during 
restoration (G and H). 
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Figure 19. An uncovering stent (A) was created from an index of this lateral incisor implant during initial 
placement. A tissue punch (B) was used to precisely uncover the head of the implant (C) and avoid damaging the 
papillae (D and E). This also facilitated immediate placement of the temporary crown (F). 

require any further buccal augmentation. If this 
technique is used, an additional procedure will 
be necessary when the implant is placed. At the 
time of surgery, the fixture can be "indexed." 
This index can be used by the restorative dentist 
to make a study model with an implant analogue 
that duplicates the intraoral implant location. 
From this model the restorative dentist can 
prefabricate a temporary restoration before the 
uncovering surgery (Fig 19). A guide-sleeve can 
also be made for precise placement of  the 
surgical punch to uncover the top of the fixture. 
This surgical sleeve is made of an acrylic material 

which fits over the teeth like a stent and allows 
for proper  placement of the surgical punch. The 
punch is placed into the sleeve, moved down to 
the crest of the ridge, and then pressed into the 
tissue down to the head of  the fixture (Fig 19). 
The plug of  tissue is excised, and the cover screw 
is removed. An appropriate abutment  can be 
placed and the temporary restoration is seated at 
the same time. This technique is atraumatic and 
with proper  contouring and temporization, the 
patient can have an immediate provisional resto- 
ration at the time of  the uncovering surgery. 
Again, this technique can only be used in the 
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ideal ridge. The advantages of this technique are 
reduced trauma, no temporary healing abut- 
ments, and the patient leaves the office with a 
contoured,  esthetic, temporary restoration. 

Implant Restoration 

Implant Temporization 

Temporization of the implant is an area which 
creates some confusion. The most common  ra- 
tionales given for the use of temporaries are the 
sequential loading of  the implant to allow in- 
creased bone density before placing the final 
restoration, and soft tissue healing to a predict- 
able level before the final impression. Since 6 to 
8 months  are allowed for implant healing before 
uncovering, sequential loading is not necessary 
for single anterior implants. The concerns over 
soft tissue healing are more critical. 

Soft Tissue Management After Implant 
Uncovering 

The primary concern after the uncovering pro- 
cess is when to start the restorative phase of 
treatment. To achieve the best result in the 
finished restoration, the soft tissue should be 
healed to its ideal form around a temporary 
restoration. After healing is complete, a final 
impression can be made that captures the healed 
tissue so that the final restoration properly con- 
forms to the gingiva. 

For the restorative dentist, the major issue 
regarding temporization is timing. Should the 
implant be indexed at the time of  placement and 
a temporary placed at uncovering, or should 
some tissue healing occur after uncovering, but 
before placing the temporary? Certain criteria 
should be assessed to answer these questions. If 
the edentulous ridge has inadequate facial bulk, 
inadequate interproximal tissue height, or inad- 
equate vertical height in the free gingival margin 
area, the uncovering technique must also aug- 
ment  the inadequate areas. Whenever soft tissue 
augmentation is per formed during the uncover- 
ing process, the temporary should not be placed 
at the same time. Instead, a healing abutment  
should be placed and the flap sutured partially 
over the abutment  to tent the tissue above the 
bone (Fig 18E). A temporary restoration will not  
permit  this type of  uncovering technique. Alter 4 
to 6 weeks of  healing, an excess amount  of tissue 

is usually present, and a temporary can be placed 
to properly shape this soft tissue. The excess 
tissue should not  be excised, because the tempo- 
rary contour  will help correct the tissue form. 

To accomplish this, the patient is evaluated 4 
to 6 weeks after uncovering and an impression 
made of the fixture. A study model is made and 
all the gingiva is removed from this model 
around the implant. A temporary is fabricated of 
light-cured composite on a temporary abutment. 
This temporary is contoured to the ideal shape 
of a tooth, ignoring the patient's current  gingival 
form. If  the augmentation was successful, there 
will be excess tissue around the implant and it 
will be difficult to seat the temporary restoration. 
Rather than modify the temporary or the tissue, 
the temporary is forced into position until it is 
seated completely. This may cause significant 
blanching of the tissue. Over the next 4 to 8 
weeks, the tissue will remodel to fit the ideal 
crown form. After the tissue has reached the 
desired form, the temporary is removed and a 
final impression made of the fixture and the 
healed gingiva. The final restoration may then 
be completed. 

If no soft tissue augmentat ion is necessary at 
uncovering, then a temporary can be placed on 
the same day that the implant is uncovered. To 
facilitate this, the implant can be indexed by the 
surgeon at time of placement using some form 
of stent (Fig 17C). The restorative dentist uses 
the index to produce a model with the implant 
analog properly oriented to the adjacent teeth. 
This model will serve two purposes. First, a 
temporary can be fabricated on the model be- 
fore the uncovering process. Second, a surgical 
guide can be created that will enhance the 
uncovering process (Fig 19). Because no augmen- 
tation is necessary, the ideal uncovering only 
exposes the implant without any risk of damag- 
ing the soft tissue. This type of uncovering is best 
per formed by a surgical punch approach (Fig 
19). The difficulty is knowing where to aim the 
punch. This is where the analog model is used. 
The desired punch  is seated over the head of the 
implant analog on the model. The punch is held 
so that its approach will be slightly from the 
palatal to avoid damaging the labial papilla. With 
the punch in the proper  inclination a light-cured 
resin sleeve is created and extends around the 
circumference of  the punch and onto the adja- 
cent teeth (Fig 19). A clear pressure-formed 
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stent is then made of the composite sleeve to aid 
in seating the sleeve in the mouth. The excess is 
tr immed away leaving access for the punch to 
slide easily through the guide. Then, the punch  
and the guide stent are used to expose the 
implant without damaging the facial or inter- 
proximal tissue. After exposure of  the implant, 
the preconstructed temporary is seated. Healing 
time before the final impression is now reduced 
to 4 to 8 weeks. 

Final Implant Restoration 

The biggest decision facing the restorative den- 
tist is whether the final crown on the single-tooth 
implant will be cemented or screw-retained. 
When multiple implants are being restored and 
splinted, the cemented approach offers several 
advantages. However, for single teeth, both ce- 
mented and screw-retained crowns can be used. 
The advantages of  the screw-retained system are 
known retention and known retrievability. The 
disadvantage is the unesthetic access hole. The 
advantage of the cemented crown is esthetics 
because it has no access hole. The disadvantages 
of a cemented crown are unknown retention and 
unknown retrievability. The third option is to use 
a temporary cement  (Temp Bond, Kerr Corp, 
Orange, Ca,), which works well for both reten- 
tion and retrievability most of the time. 

Actually, the decision between a cemented or 
screw-retained crown is usually dictated by the 
angle of the implant. A screw-retained restora- 
tion is only possible in the maxillary anterior 
when the screw access hole exits lingual to the 
incisal edge. If  the implant access exits labial to 
the incisal edge a screw-retained crown will result 
in severe esthetic compromise. 

In the posterior area, it is advantageous to use 
a screw-retained crown from a mechanical per- 
spective. However, from esthetic and occlusal 
perspectives, the screw access opening is a prob- 
lem. For these reasons, it is ideal to use cement- 
retained restorations in the posterior quadrants. 
The method of securing the crown also affects 
abutment design and placement. In a screw- 
retained restoration the primary concern is creat- 
ing the correct subgingival contour. However, in 
a cemented restoration, it is also important  to 
consider how far the cement margin will extend. 
The abutment  should be shaped so that the 
cement margin is 2 to 3 mm below the free 

gingival margin. If the margin is any deeper  than 
this, the cement  clean-up becomes very difficult. 
If it is any shallower, esthetics may be compro- 
mised. 

It is also important  to seat the abutment  
completely on the head of  the fixture. It is 
effective to use an antibacterial paste (E-Z seat, 
Value Dental, Auburn, WA) on the end of the 
abutment  at the time of seating. The implant 
abutment  is dipped in a drop of paste and then 
seated. Complete seating is verified with a radio- 
graph before final tightening with a torque 
driver. The use of this paste has been a great aid 
in rapidly achieving excellent tissue health 
around the final restoration. 

Long-Term Success Rate 

Swedish researchers have been placing titanium 
implants in completely edentulous patients tbr 
more than 30 years. In these patients, five or six 
implants were placed in an edentulous maxilla 
or mandible. A denture was fixed to the top of  
the implants. These fixtures have been evaluated 
after 15 years of  function. The long-term success 
rates for implants placed in this manner  are very 
high. m Implants have also been used as abut- 
ments tbr fixed bridges. A 20 year follow-up of 
these types of  restorations was performed by 
Swedish researchers. In their study, the continu- 
ous prosthesis stability rate was over 9,5%. 2o 

Single-tooth implants have only been used for 
about the last 10 years. Long-term studies are not 
available. However, some follow-up studies have 
been published. 21,~9 The five year success rate for 
single-tooth implants is well above 90%. There- 
fore, it seems that implant replacement of  miss- 
ing teeth is a viable and desirable option in the 
appropriate patient. 

Summary 

This article has highlighted the various consider- 
ations that are necessary if implants are used as 
single-tooth replacements in orthodontic pa- 
tients. Implants require interdisciplinary interac- 
tion. Orthodontists, surgeons, and restorative 
dentists must work together to produce an excel- 
lent result. Without interdisciplinary interaction, 
the final esthetic and functional result may be 
unacceptable. With a team approach, manage- 
ment  of  the single-tooth implant becomes more 
predictable and successflfl. 
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