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ince the advent of osseo-integrated implants, many
ajor innovations and improvements have taken
lace. From a surgical perspective, the instrumenta-
ion required to make the osteotomy has improved in
utting efficiency and heat reduction.1 Bioactive im-
lant surfaces have been developed that result in

aster integration and immediate loading.2,3 Flapless
urgery and improved long-term predictability of vir-
ually all the major implant systems are now a reali-
y.4,5 The ability for implant site development with
redictable particulate and block grafting techniques
nd the use of recombinant proteins along with en-
anced soft tissue modification has expanded appli-
ations.6-10 The interface stability problems initially
ncountered with the external hexagonal connec-
ions, when applied to single and fixed partial denture
FPD) applications, have also been resolved with the
evelopment of the internal connection.11,12 Three-
imensional computed tomography (CT) radio-
raphic imaging and computer-assisted treatment
lanning software have revolutionized treatment
lanning and surgical placement.4,13,14

As a result, in the course of 25 years, dentistry has
ndergone several major paradigm shifts. In the past

t was acceptable to place implants with little consid-
ration of the restorative aspects of treatment, result-
ng quite often in exceptional efforts on the part of
he prosthodontist and restorative dentist to arrive at
tolerable functional and esthetic result. Today, the

xpectations of a more sophisticated and esthetic-
riented patient base that demands a much higher

evel of treatment has significantly altered those initial
aradigms.
One significant factor remains unchanged. Restora-

ion of a dysfunctional dentition with conventional
xed or removable prosthodontic treatment, or with
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mplant-supported restorations requires the same ba-
ic treatment protocols that are consistent for all im-
lant restorations. The common factor is that implant
entistry is a restorative prosthodontic treatment mo-
ality with a surgical component. The foundation is
reated by the surgical placement of the implants
hich has to be dictated by specific restorative re-
uirements, both from a functional as well as an
sthetic perspective. Without that symbiotic interre-
ationship, the outcome will be less than ideal.

The hallmark of successful treatment lies in an
rganized and complete diagnosis which then results

n a comprehensive treatment plan. To arrive at the
iagnosis, the following has to be considered: soft
issue pathology, caries, periodontal evaluation, radio-
raphic evaluation which may include CT imaging,
ndodontic evaluation, occlusal considerations, para-
unctional habits, transmandibular joint (TMJ) evalua-
ion, vertical dimension of occlusion, intra-arch space,
aw malrelationships, lip drape and lip support, pa-
ient expectations, esthetic evaluation, mounted
tudy casts and bite records, and a diagnostic wax-up
f the partially edentulous area or a trial prosthesis.
rom a surgical perspective, a medical assessment,

IGURE 1. The diameter of the implant is too wide for the available
one. Bone loss is apparent around the implant.
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he patients healing and stress capacity, current med-
cations, anesthesia risk factor, and bone quality and
uantity have to be evaluated.
The primary responsibility for dental evaluation and

reatment planning lies with the prosthodontist and
r the restorative dentist. After the initial treatment
lan has been developed with the patient’s goals and
bjectives in mind, the surgical aspects of treatment
re then assessed. At this point, communication be-
ween the restorative and surgical counterparts is
rucial for an ideal result.16

Implant placement, without restorative input, re-
ults in a myriad of significant problems and compli-
ations to the detriment of all parties involved. This
rticle identifies major surgical miscues that affect
rosthodontic outcome, and codifies them in an or-
anized manner.16

IGURE 2. Too narrow an implant for the available space and
equired load bearing. A, Occlusal functional area on an inappropri-
te implant diameter results in mesial and distal cantilever. B, Func-

ional loading resulted in fatigue fracture of the implant walls. The
iameter of the implant is inadequate for the functional unit it replaces.

aul P. Binon. Treatment Plan Complications and Surgery. J Oral
axillofac Surg 2007.
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nappropriate Implant Selection and
lacement

Selection of the implant is based on a variety of
actors such as available bone, type of restoration,
oad bearing capacity, implant platform and nonrota-
ional feature, the tooth it replaces, as well as the
sthetic requirement. From a biomechanical stand-
oint, it is desirable to place the widest and the

ongest implant that the available bone volume and
natomic features permit. Obviously, the greater sur-
ace area available for integration the greater the dis-
ipation of the functional load. A wide variety of
iameters and lengths are available from most of the
anufacturers today.18

If an implant is too wide for the available bone, the
esult is implant dehiscence through the bone, which
an contribute to implant failure (Fig 1). Conversely if
he implant is too narrow to support the functional
oad, the result can be progressive bone loss and
ailure of the implant itself due to fatigue fracture (Fig
).19

Clinical studies have shown that implants of 10 mm
r more in length may have a significantly greater
uccess rate and a correlation between length and

IGURE 3. A, Inappropriate length implants for the bone volume
vailable. Four of the 5 implants also were not inserted to the correct
epth. B, Right distal implant late failure resulted in replacement and
rosthetic re-treatment.
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RREong-term function is evident. It is therefore appropri-

te to place implants of the greatest length possible.20

ailure to apply these principles can result in implant
oss and failure (Fig 3). Consideration has to be given
o the emergence profile of the restoration if optimal
sthetics is to be achieved. Mismatched implant diam-
ters, especially in the esthetic zone, will lead to
ncontrolled emergence profiles, soft tissue dishar-
ony and significant uncontrollable esthetic prob-

ems (Fig 4).
For single tooth restorations and FPD applications,

n anti-rotational engagement between the implant
nd the abutment is necessary to enhance the stability
f the restoration.21 Placement of an implant devoid
f this feature, especially for single tooth restorations,
esults in a nonrestorable and untenable situation.
he resulting options are to remove the implant and
eplace it with the appropriate type or abandon im-
lant restoration and revert to a FPD (Fig 5).
In selecting an implant, consideration also has to be

iven to the implant abutment connection. This is
ritical when angulation changes have to be made in
rder to meet restorative requirements. Failure to

IGURE 4. Mismatched implant diameters in the esthetic zone. This
reates significant restorative emergence profile and soft tissue esthetic
roblems.

aul P. Binon. Treatment Plan Complications and Surgery. J Oral
axillofac Surg 2007.
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elect the appropriate implant leads to significant
dditional laboratory work and additional expense
nd a compromised design (Fig 6).

Another implant type selection consideration oc-
urs when additional implants need to be placed due
o conversion from a removable prosthesis to a fixed
rosthesis or when more implants are required due to

mminent failure of one or more implants. In these
ircumstances, it is prudent to select compatible im-
lant types rather than multiple different designs of

mplants. Mismatching implants results in added chair
ime, additional instrumentation, complications re-
arding tracking part, added laboratory time, and
osts (Fig 7).

umber of Implants Placed

A variety of prosthodontic protocols have been
stablished to restore the fully edentulous mandible
nd maxilla.22-25 In general, the maxillary arch can be
estored with a bar-supported removable prosthesis
ith 6 to 8 implants depending on the quality and

IGURE 5. A, Inappropriate implant selection for single tooth replace-
ent function. B, Implant had no anti-rotation feature and was

emoved.
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uantity of bone available. For completely fixed ap-
lications (Ceramo Metal Bridge) typically 4 implants

n the cuspid to molar area on each side are required
o support the FPD (Fig 8). When the anterior canti-
ever arm is significant a single anterior implant can

IGURE 7. Upper arch with several different implant designs in
lace. This resulted in additional instrumentation, a variety of compo-
ent parts, added restorative chair time, and unnecessary complexity.

aul P. Binon. Treatment Plan Complications and Surgery. J Oral

axillofac Surg 2007. M
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F
e added. This applies also for a fixed mandibular
artial denture restoration. In the mandible, support

or an implant supported hybrid bone anchored
ridge is usually obtained from 4, 5, or 6 implants in
he symphysis area, depending on arch size and bone
olume (Fig 9). Using an excessive number of im-
lants to support the functional load is not desirable
nd can lead to both esthetic and hygienic complica-
ions (Fig 10).

Optimal number of implants and appropriate spac-
ng is also critical in the partially edentulous pa-

IGURE 8. Failing partially edentulous arch to be restored with
equential implant placement. Blue circles indicate placement of the
rst series of implants. After extraction of the cuspids, additional im-
lants were inserted (yellow) to restore the arch with a porcelain-fused-

o-metal bridge. Adjacent implants in the anterior segment would
ompromise ability to create esthetic soft tissue contours.

aul P. Binon. Treatment Plan Complications and Surgery. J Oral

URE 6. A, Press-fit design negated angulation changes required to
h a screw-retained tissue bar for an overdenture. B, Flare of the
rior implants resulted in abutment head modifications (C) that compro-
d the screw retention threads and required custom lingual set screws
tain the bar.

l P. Binon. Treatment Plan Complications and Surgery. J Oral
illofac Surg 2007.
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ient.23,25 In those applications however, the proto-
ols are less well defined in the literature.
In general, for maxillary FPD a 1 to 1 or 1 to 2

mplant to tooth ratio applies. Whenever grafted bone
upports the implants, current protocols usually rec-
mmend a higher number of implants, although evi-
ence-based analysis is lacking.
Decisions relative to the number of implants are

estoratively driven. It is expected and necessary that
he surgeon communicate with the restorative doctor
henever there are differences in the number of

mplants prescribed, prior to surgery. It is not accept-
ble to increase or decrease the number of implants
ithout consensus. The patient’s predetermined re-

torative treatment plan and financial commitment
annot be altered without prior consent of the restor-
tive doctor and the patient.

ncroachment

In partially edentulous cases the risk of root injury
s always present. Adequate diagnostic planning with

FIGURE 9. Typical arrangement of implants in the symphysis area.

aul P. Binon. Treatment Plan Complications and Surgery. J Oral
axillofac Surg 2007.

IGURE 10. Example of overzealous treatment planning. More im-
lants than necessary were placed to restore the maxilla and the
andible. Spacing, loading axis, and angulation was also problem-
tic. Of the 19 implants placed, 11 failed within one year.

aul P. Binon. Treatment Plan Complications and Surgery. J Oral

axillofac Surg 2007.
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F
adiographic marker stents derived from diagnostic
ax-ups is necessary to avoid damage and tooth loss

Fig 11). Complications of this type usually result in
dditional implants being required along with addi-
ional restorative costs and potential professional lia-
ility.
Disregard of surgical stents that mark the loca-

ion and axial orientation of implants in fully eden-
ulous cases can also lead to encroachment of ad-
acent implants (Fig 12). This occurrence may
esult in one or more early implant failures, a sig-
ificant time delay for completion of treatment,
reater laboratory costs and additional chair time
or the restorative dentist.

Even more compromising is encroachment of the
ongue. In two of the examples cited, no prosthetic
onsultation or collaborative treatment plan was
eveloped. The patient was referred after the fact
or restoration. In the first case, the implants were

IGURE 11. Encroachment on natural teeth. In both instances, the
eeth had to be removed. A, The implant and the tooth failed and both
ad to be replaced with additional implants. B, After extraction of tooth
wenty-eight, the implant bridge was remade and a pontic was added.

aul P. Binon. Treatment Plan Complications and Surgery. J Oral
axillofac Surg 2007.
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RREo palatally placed that restoration was impossible

nd the implants were removed and the patient
etreated (Fig 13). In the second case the implants
ere placed in line with the distal of the cupids,

esulting in a significant cantilever and an exit point
n a sensitive phonetic area. To restore these im-
lants, two thin palatal straps were incorporated

nto the 4-unit FPD. This resulted in a functional but
ompromised outcome (Fig 14).
Posterior tongue encroachment may also occur.

his case illustrates 2 points from a restorative
erspective. The patient presented with 2 unre-
tored implants in the left upper quadrant and bi-
ateral sinus augmentations. Her goal was to have
ingle restorations in both posterior quadrants. Af-
er an exam, study casts, radiographs, and a diag-
ostic wax-up (Fig 15) and surgical stent (Fig 16)
ere made. Referral and appropriate communica-

ions were established with a different clinician as
o the location, number, and type of implants to be
laced. It also was pointed out that one of the
reviously placed posterior implants (fifteenth po-
ition) was inappropriately located too far palatally
nd consequently encroached on the posterior
ongue space. The locations of the additional im-
ED
 P

RO
O

F
lants were re-affirmed prior to surgery. The postin-
ertion panographic film indicated that one implant
ad not been placed (fifth position) but the mesio-
istal spacing of the 3 implants that were placed
ppeared to be acceptable and in the locations
ndicated by the surgical stent. At uncovering, it

as obvious that although the general location of
he implants was correct, the axial orientation was
ot (Fig 17). All of the additional implants placed
ere palatally located and lingually inclined from

5 to 45 degrees off axis (Fig 18). The additional
mplant placed on the left (position fourteen) mir-
ored the tongue encroachment location of the
mplant in the fifteenth position. It was apparent
hat the surgical stent was not used and that the
re-surgery instructions were ignored. To restore
he case, custom abutments were made that were
everely off axis. The resulting crowns were grossly
ver-contoured (Fig 19). Even with a maximum
ffort to minimize the palatal intrusion, a notable
ifference in tongue space was seen (Fig 20). Con-
equently, a maxilla with ample bone to place im-
lants in ideal locations was compromised because
he surgical prescription was ignored.

URE 12. Encroachment when multiple implants are placed. A) Par-
edentulous area with three implant placements. Two are contacting

out any bone matrix in between. The most distal implant failed to
rate. B, A grafted edentulous upper arch with ample bone present for
l placement and spacing. The left two implants were placed too close
ther and failed to integrate. C, Clinical result with 6 load-bearing
ants. A transitional bar and provisional denture had to be made during
egrafting and placement of additional implants.

l P. Binon. Treatment Plan Complications and Surgery. J Oral
illofac Surg 2007.
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ertical Orientation

In partially edentulous arches, it is important to be
ware of the crestal bone levels of the adjacent
eeth.26 Not only is this of critical importance for the
reservation of the papillae but it is also a factor in
ygiene maintenance. If the implant is placed too
eep relative to the adjacent teeth, a peri-implant
ocket develops that leads to further bone loss and
uite often, a fistulous tract (Fig 21). In the case

llustrated, the site would have been better served
ith a particulate or block graft prior to implant
lacement. Another frequent complication is when
he implant is placed below the bone crest and crestal
one has to be removed in order to permit mating of
he impression coping and the abutment. The second
xample illustrates that this can seriously compro-
ise adjacent teeth and ultimately several millimeters

f bone are sacrificed (Fig 22).
Equally challenging is when implants are not placed

eeply enough. In the example shown in Figure 23
panel A), both implants were placed 40% to 50% in

IGURE 13. A, Inappropriate location of 2 implants that were
ntended to support a restoration from tooth position 9 to 11. The
mplants were in the palate and not the alveolar ridge. B, Indicates
here the implants should have been located. It is obvious that block
r veneer grafts were indicated before any implants were inserted.
oth implants were removed. This resulted in additional unnecessary
urgeries and substantial time loss to completion.

aul P. Binon. Treatment Plan Complications and Surgery. J Oral
axillofac Surg 2007.
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he posterior mandible. The implants were placed
ithout prior knowledge or direction of the general
entist. This patient was left without restorations for
any months and finally sought out another dentist to

estore the implants. After examination, the options
resented were to remove the implants and place
lock grafts to correct the mandibular insufficiency or
o place provisional restorations and load the implants
nd evaluate the response (Fig 23 B). Within months
he implants failed and the patient rejected any fur-
her implant treatment. It’s obvious that the original
iagnosis and treatment plan was inadequate. The
atient required grafting prior to implant placement.
ommunication with the patient’s restorative dentist
as also lacking.

nadequate Spacing in the Anterior-
osterior Spread

In the mandibular arch one of the most common
estorations treatment-planned for the edentulous
rch is the classic hybrid fixed prosthesis. To support
fixed lower denture 5 or 6 implants are placed

etween the mental foramen. Because it is a cantile-
er restoration, the greatest distance between the

IGURE 14. A, Two palatally located implants inserted after ridge
ugmentation. Their location approximated the distal of the cuspids. B,
estored with a 4-unit porcelain-fused-to-metal bridge supported by
wo palatal straps; location did compromise phonetics and restoration
as quite difficult to minimize the consequences of the surgical miscue.
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ost anterior and the most posterior implants results
n the best mechanical force distribution.27,28 When
mplants are placed in a near straight line the cantile-
er length has to be limited to avoid overload and
omponent failure. Figure 24 shows two examples of
nadequate implant spacing when adequate room ex-
sted between the foramina. The net result was un-
ecessary crowding of the implants and most impor-
antly, reduction of the anterior-posterior (AP) spread.
n both instances, adequate space was available to
lace the posterior implants more distally. Had the

mplants been spaced more appropriately, the AP
pread would have been doubled.

Coincident with inadequate spacing is the close
ervical proximity of the abutments resulting in soft
issue management problems and hygiene difficulties
Fig 25). Ideal spacing between implants is 3 mm or
ore.26,29 When this is violated, the papilla is com-

IGURE 15. Example of posterior tongue encroachment that could
ave been avoided. A, Radiograph indicates the palatal placement of
he number 15 implant, placed before the second surgical experience.
, Diagnostic wax-up, used to make radiographic and surgical stent.

t illustrates the correct location of the posterior teeth.

aul P. Binon. Treatment Plan Complications and Surgery. J Oral
axillofac Surg 2007.
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F
IGURE 16. A, Cast marked with the location of the prescribed new
mplant locations. Diameter and length are also noted on the cast. B,
urgical stent provided to the surgeon.

aul P. Binon. Treatment Plan Complications and Surgery. J Oral
axillofac Surg 2007.
IGURE 17. Lingual contours illustrated by the yellow line had im-
lants been placed in prescribed locations. The photo on the right
emonstrates the resulting encroachment on tongue space due to the
alatal placement of the implants.

aul P. Binon. Treatment Plan Complications and Surgery. J Oral
axillofac Surg 2007.
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romised and progressive long-term apical tissue mi-
ration is often the result (Fig 26).29,30 Even when
ourglass shaped custom abutments are used, hy-
ienic access is difficult. Proximity problems are typ-
cally the result of inadequate diagnosis and coinci-
ent with not using radiographic and surgical stents.
rom a surgical standpoint the implants may be con-
idered a success. However, from a restorative per-
pective it resulted in a significant prosthesis design
hallenge along with potential long-term complica-
ions.

nadequate Intra-Arch Distance

Another complication that can be traced directly to
nadequate diagnosis and failure to have collaborative
reatment planning with the restorative dentist is the
lacement of implants without attention to the inter-
rch and interocclusal space. This is especially critical

IGURE 18. A, Abutments required severe angle corrections. Note
he screw access locations in abutments 3, 4, 14 and 15. B, Side
iew indicates angulations of 35 to 45 degrees.

aul P. Binon. Treatment Plan Complications and Surgery. J Oral
axillofac Surg 2007.
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n partially edentulous patients where there is exces-
ive loss of vertical dimension of occlusion, distortion
f the occlusal plane or migration of the opposing
ental segment. Whenever multiple implants are to
e placed, it is necessary to have mounted casts with
diagnostic wax-up in order to evaluate the implant

ocation, the occlusal scheme, and determine if there
s adequate vertical room for the abutment and the
linical crown. In tight spaces, a screw retained di-
ectly to the implant restoration can be placed. How-
ver, that results in crowns that are short, bulbous
nd esthetically unattractive, which is not an accept-

IGURE 19. Bilateral palatal location of the implants resulted in
rossly over contoured crowns.

aul P. Binon. Treatment Plan Complications and Surgery. J Oral
axillofac Surg 2007.

IGURE 20. Overlay of what the clinical crown size would have
een had the implants been located in the correct location. It graph-

cally illustrates the extent of the difference in size and the degree of
ongue encroachment.
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ble result. The example used to illustrate this di-
emma is depicted in Figure 27. The patient was
elf-referred after being informed that an extensive
econstruction to open her vertical dimension of oc-
lusion was recommended after the implants had
een placed. The patient denied any preexisting
nowledge of this and indicated that there had been
imited interaction between the restorative doctor
nd the implant surgeon. Implant placement was
deal as to inter-implant distance, axis, and angulation
Fig 27). The existing dentition indicated extensive
ear and attrition, with a slight Class III tendency and
eavy anterior contact. Mounted cast indicated that
etention would be an issue due to the limited space.
he patient was sensitive to having occlusal access
oles present, which added to the treatment di-

IGURE 21. A, Implant located too far apically relative to the
djacent teeth. This resulted in an unmanageable soft tissue pocket
nd a fistulous tract. B, Red line indicates the implant/abutment inter-

ace. Crown/root relationship is also beyond normal limits.

aul P. Binon. Treatment Plan Complications and Surgery. J Oral
axillofac Surg 2007.
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emma. She also dismissed having a complete restora-
ion of her occlusal relationship at that time. A com-
lete diagnostic and treatment workup would have
enefited the surgeon and the restorative dentist be-
ore the placement of the implants. The end point
as that they lost an excellent patient. The implants
ere restored to her satisfaction after a considerable

estorative effort.

IGURE 22. A, Posterior implant inserted below the crestal area of
he adjacent teeth. B, At uncovering, several millimeters of bone had to
e removed in order to seat impression coping and abutment. Con-
equently, the adjacent teeth lost bone support.

aul P. Binon. Treatment Plan Complications and Surgery. J Oral
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ngulation

Improper implant angulation is the greatest chal-
enge and the most problematic challenge for the
estorative dentist.31-36 This problem is not limited to
omplex multi-implant combination treatment plans.
reatment plans involving one or two implants often
emonstrate a lack or loss of anatomic orientation (Fig
8). In the example illustrated, the implant was
laced in the correct location with the exception of
he 30 degree buccal angulation. This resulted in
abrication of a custom abutment, with additional
aboratory expenses and compromised loading. Even

inor angulation changes can impact the restorative
utcome as illustrated in the second case involving
wo implants and an over denture (Fig 29). The slight
ivergence of the implants restored with ball attach-
ents resulted in a problematic path of insertion and

equired modification of the head of the ball attach-

IGURE 23. A, Example of implant not seated deep into the mandi-
le. Both implants were 40% to 50% outside the bone matrix. B,
rovisional loading resulted in more bone loss and ultimate failure.

aul P. Binon. Treatment Plan Complications and Surgery. J Oral
axillofac Surg 2007.
ent. This resulted in a higher maintenance profile a
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or the patient who has had to have the O rings
eplaced at more frequent intervals.

Two other examples illustrate complete loss of ori-
ntation in the edentulous mandible (Fig 30). The
esulting implants were placed at 35 to 40 degrees of
ngulation to the correct angulation. In the one case
t resulted in the fracture of the implant body and in
he second, a significantly compromised overdenture
esign.

IMPLANTS MAY BE ANGLED ACCORDING TO THE
LEFT OR RIGHT HANDEDNESS OF THE CLINICIAN

The case in Figure 31 illustrates a bilaterally grafted
atient with a more than adequate bone bed in which
o place implants. Eight implants were placed, all of
hich were off angled to the left. The implants were

5 to 40 degrees off axis angulation, when in all sites
he implants could have been placed vertically in
arallel. This resulted in a restorative design chal-

enge, extra laboratory expenses, and more restor-
tive chair time.

Inappropriate angulation leads to multiple compli-
ations, and most often significant restorative difficul-
ies. This is well documented with two posterior
artially edentulous cases. In the first case, two im-
lants were each placed by two different surgeons at
ifferent times. The cuspid and bicuspid implants
ere placed first with ideal spacing and angulation.

ubsequently two additional implants were placed to
eplace the molars. These were placed to the lingual
nd at 40 degree angulation (Fig 32). Restoring these
equired custom abutments. The emergence profile
as also compromised because they were not in-

erted deep enough (Fig 33).
In the second example, 3 implants were placed

nitially in a grafted site, one of which compromised
he right cuspid (encroachment) (Fig 34). An addi-
ional implant was placed in the cuspid site and the
mplants were restored. The patient, who had expe-
ienced chronic discomfort for several months and
as displeased with the esthetic result, self-referred

o this author. Radiographs indicated multiple prob-
ems: sinus perforation, severe implant angulation (35
egrees), and considerable bone loss (Fig 35). The
one loss was attributed to angulation overload and

nsufficient initial grafting. The implants in site 3, 4,
nd 5 were removed and the area was re-grafted.
hree implants were placed at 17 degree angulation
nd subsequently restored (Fig 36). The end result
as an increased time line of more than 12 months

nd a major re-treatment expense.
Improper angulation in the esthetic zone with se-

ere facial off axis orientation can result in severely
ompromised clinical crown contours. As seen in
igure 37, two implants were placed immediately
fter tooth extraction, replacing tooth numbers six
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nd eight. At second stage it was obvious that the
mplants had been placed too far to the labial and at
ngles exceeding 45 degrees (Fig 37). Temporary cyl-
nders were placed on the master cast and a wax-up

as completed to determine the projected contours
Fig 38). It was apparent that the resulting clinical
rowns and pontic area would be much longer than
he adjacent natural teeth. The patient was given the
ption to have the implants removed and the area
etreated. Because of the extended additional time
ine and more surgery she declined. The end result

as a severe esthetic compromise along with long-
erm biomechanical and component challenges (Fig
9). What could have been a routine restorative case
urned into an extended series of complications with
ustom abutments, extensive additional chair time,
everal reapplications of porcelain and increased lab-
ratory costs.
The mechanical and biomechanical complications

elated to adverse angulation to load cannot be un-
erstated. Angulation to load of 15 to 20 degrees leads
o “some difficulties” and angulation of 30 degrees or
ore leads to “substantial difficulties.”39 The compli-

ations reported are loose screws, fractured screws,
one loss, implant fracture and the loss of integration.
he previous clinical cases exemplify some of those
omplications. More graphic from an economic im-

IGURE 24. A, Implants placed in nearly straight line. Radiographs
nterior-posterior (A/P) spread would have been double had the imp

deally and crowding could have been avoided. C, Another case wh
ndicates what the proper spacing of the implants should have been.

aul P. Binon. Treatment Plan Complications and Surgery. J Ora
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indicated that the implants could have been placed further distally. B, The
lants been located in the more distal site. Implants could have spaced more
ere the A/P spread could have been significantly improved. D, Radiograph

l Maxillofac Surg 2007.
M

IGURE 25. A, Inadequate spacing resulting from implants not
laced perpendicular to each other. The axial orientation resulted in
ear contact of the cervical areas of the implant. B, As a consequence,
ygiene access was extremely difficult to manage even with hourglass
odified abutment contours between the most distal implants.
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act was the report by Rubenstein and Taylor where
hey followed a patient for 10 years with severely
uccally angled implants.40 During that time there
ere 24 screw fractures, approximately 2 screws ev-

ry 7 months. The author conservatively assessed a
ost of $4,000 in chair time, lost production, assistant
nd office staff expense as well as the replacement
arts and supplies. Since the restorative doctor did
ot place the implants, whose responsibility is it to
aintain and absorb those additional costs? An even

reater loss however is the loss of confidence of the
estorative doctor and patient and its long-term im-

IGURE 28. A, Implant placed with angulation that does not corre-
pond (red line) to natural tooth orientation and occlusal loading axis
blue line). B, Blue line shows the correct angulation for a mandibular
olar. The neurovascular canal was not an issue in this case.

aul P. Binon. Treatment Plan Complications and Surgery. J Oral
axillofac Surg 2007.
IGURE 26. A, Partially edentulous case where implants were
laced too close together. The abutments could not be reduced prox-

mally any further. B, Distance of less than 3 mm resulted in compres-
ion of the interproximal tissue leading to eventual apical migration.
ervical embrasures were inadequate for optimal access.

aul P. Binon. Treatment Plan Complications and Surgery. J Oral
axillofac Surg 2007.
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IGURE 27. A, Inadequate intra-arch space in a patient that should
ave had a more extensive treatment plan, including opening her
ertical dimension of occlusion, resulted in abnormally short bulbous
rown contours (B).

aul P. Binon. Treatment Plan Complications and Surgery. J Oral
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nadequate Spacing

To appreciate the profound impact that minor sur-
ical placement deviation can have on the restorative
spects of a case, this last case is explored. The pa-
ient was referred after the implants had been placed.
he original restorative doctor had not completed a

ull implant workup on the patient and did not supply
he surgeon with a surgical stent or a cast indicating
he desired locations of the implants. The surgeon

IGURE 29. A, Placement where the implants are slightly divergent
blue lines). Because this is a press fit implant/abutment interface,
butment angulation changes (yellow line) are not easily made. B, The
roblematic path (blue line) of insertion and removal created by the
ivergence resulted in having to modify the head of the ball
ttachment.

aul P. Binon. Treatment Plan Complications and Surgery. J Oral
axillofac Surg 2007.
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IGURE 30. A, Loss of orientation resulted in the severe facial
ngulation (red lines) of these 2 implants. The overdenture had a large
oncavity (food trap; blue line) along the facial flange in order to
ccommodate the improper location and permit insertion. B, Func-

ional loading resulted in implant fracture. Patient declined any addi-
ional treatment effort with implants. C, Another example of severe
acial angulation. The red dots indicate the ridge crest where the
mplants should have been located. Tissue bar design was modified to
llow anterior-posterior rotation and minimize excessive loads to the

mplants. D, Connector arm areas had to be relieved in the denture
ase, and resulted in some food impaction in the void.

aul P. Binon. Treatment Plan Complications and Surgery. J Oral
E

IGURE 31. Disorientation in the maxilla. A, Implants placed by a
ight-handed surgeon. B, Guide pins in place to illustrate the inappro-
riate angulation. This was a bilaterally grafted case and the bone
ase was perfect. In the anterior right area, two of the implants
ontacted, resulting in the loss of one implant.
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stimated the locations of the implants and com-
leted the surgery (Fig 40). The patient presented
ith failing temporaries immediately prior to second

tage. Impressions were made, mounted and a full
outh wax-up completed (Fig 41). New provisional

estorations were placed and the projected esthetic
esults were then presented to the patient. The loca-
ions and spacing of the left mandibular implants
ere excellent. Normal crown contours were easily

ttainable (Fig 42). The right mandibular implants
ere evenly distributed in the edentulous segment
owever two of the three were outside the confines
f normal clinical crown contours. The most anterior

mplant was located directly in the interproximal
pace (Fig 43 A, B). The resulting restoration was
everely compromised. Each of the maxillary edentu-
ous areas had two implants placed. In both instances
hese were placed equidistant to the adjacent teeth
nd to each other (Fig 44 A, B). The resulting bridge
egments had constricted and abnormal pontic con-
ours with minimal embrasures (Fig 44 C, D). In 7 out
f the 9 implants placed, a few millimeters change in
pacing would have made the difference from a prob-
ematic result to perfection. Fortunately, after major
estorative efforts, the patient’s expectations were
ealized (Fig 44 E).

IGURE 32. A, Two implants located with angulation to the lingual
nd not in alignment with the previously placed implants or normal
xial inclination of the dentition. B, Custom abutments, in place to
eceive single crowns.

aul P. Binon. Treatment Plan Complications and Surgery. J Oral
axillofac Surg 2007.
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The responsibility for the incorrect spacing in this
ase is equally shared by the original restorative den-
ist and the surgeon. When a restorative dentist is
evoid of adequate experience and knowledge and
ails to meet the required responsibilities to carry an
mplant case to completion, it is incumbent on the

IGURE 33. Implants were not placed deep resulting in a compro-
ised emergence profile (A, B; red lines). The angulation discrepancy

s easily visualized (A, blue line).
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urgeon to get an implant workup by another restor-
tive dentist prior to placing the implants, if for no
ther reason than to insure that the surgical part of
he treatment is successful.

IGURE 34. Original 3 implants showed sinus perforation and root
ncroachment. Implants were placed after a sinus augmentation.

aul P. Binon. Treatment Plan Complications and Surgery. J Oral
axillofac Surg 2007.

IGURE 35. Clinical condition at the time the implants were removed
nd the segment regrafted. A, Initial restoration with 35-degree angu-

ation (red line) and bulbous cervical contours. B, Radiographs showed
rogressive bone loss, attributed to angulation overload.

aul P. Binon. Treatment Plan Complications and Surgery. J Oral
axillofac Surg 2007.
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ummary

It is critical to have an accurate understanding of
he educational limitations of dentists because of a
ack of formal training with implants. It is not a uni-
ateral problem, as can be easily discerned from the
ases illustrated in this article. The team must pay
ttention to specific direction as to the number, loca-
ion, depth, angulation, spacing, and distribution of
mplants in their patients. As a consequence, more
nd more experienced restorative dentists are incor-
orating implant treatment in their practice. There is
ore awareness and concern at having simple restor-

tive cases turn into very complex undertakings that
equire extra chair time and additional laboratory ex-
enses. To avoid treatment planning complications
nd surgical miscues the following is recommended:
) Always complete a detailed restorative and surgical

IGURE 36. A, Radiograph of new implants in place with near
arallel alignment. Once the implants were integrated, the number 2
olar that had been used as a temporary abutment for a provisional
ridge was extracted. B, The entire dentition was retreated and new
rowns were placed on the implants. The corrected angulation was 17
egrees (red line). The resulting emergence profile and cervical con-

our was dramatically improved.
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xamination; 2) Do not place implants without a
estorative prosthodontic workup; 3) Refer the pa-
ient to an experienced dentist for the workup; 4)
nsist on a diagnostic wax-up; 5) Insist on a radio-
raphic and a surgical stent and use it during place-
ent; 6) Determine that the entire treatment team
as the knowledge and experience to complete the
ase; 7) As a surgeon, be sure you understand the
xigencies of fixed and removable restorative care; 8)
ake sure that team members have the same treat-

IGURE 39. A, Custom milled abutments were hallow-ground on the
acial to reduce the thickness of the porcelain-fused-to-metal bridge. B,
efinitive bridge in place. Numerous ceramic modifications and try-in
ppointments were necessary to meet the patient’s esthetic
xpectations.

aul P. Binon. Treatment Plan Complications and Surgery. J Oral
axillofac Surg 2007.

IGURE 40. Radiograph of the implants in situ during initial
xamination.

aul P. Binon. Treatment Plan Complications and Surgery. J Oral
IGURE 37. A, Incorrect angulation of implants in the esthetic zone.
hoto was taken after several attempts had been made to improve the soft
issue coverage. B, Angulation of implants was totally out of harmony with
he adjacent natural teeth. Discrepancy exceeded 45 degrees.

aul P. Binon. Treatment Plan Complications and Surgery. J Oral
axillofac Surg 2007.
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IGURE 38. A, Temporary cylinders in place with the facial aspect
emoved to visualize the incisal orientation. B, Diagnostic wax-up to
valuate crown morphology and probable esthetic result. Crown

ength was significantly different than the adjacent natural teeth. Cer-
ical pink wax was used in an effort to reduce the dramatic difference
n crown length.
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IGURE 41. Diagnostic wax-up of the mandibular arch (after the
mplants had been placed). This gave a clear indication of the special
roblems inherent on the right posterior quadrant.

aul P. Binon. Treatment Plan Complications and Surgery. J Oral
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IGURE 42. Lower arch working cast with abutments in place. Right
egment shows the equidistant location of the 3 implants.
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FIGURE 43. A, The most distal implant in the right segment was well in
the clinical crown contour of the second molar. The remaining 2 implants
were not in the clinical crown confines of the first molar and bicuspid. B,
Dramatic modification of the crown contour to accommodate the spacing
miscue. C, Intaglio surface of the bridge segment clearly shows the
aberrant crown contours necessary to restore the implants.

Paul P. Binon. Treatment Plan Complications and Surgery. J Oral
Maxillofac Surg 2007.
 109

110
111
112
113
114
115
116
117
118
119
120
121
122
123
124



63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99

100
101
102
103
104
105
106
107
108
109
110
111
112

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62

Cm
t

R 1

1

1

1

1

1

1

1

1

1

PAUL P. BINON 19

AQ: 23

AQ: 48

C
O
L
O
R

AQ: 24

AQ: 25

tapraid2/zgf-joms/zgf-joms/zgf00707/zgf2649d07z wannerm S�1 4/25/07 Art: 52649 ce: 66
UNCO
RREent vision; and 9) Communicate. Never take any-

hing for granted. Communicate.
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