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A Novel Stereolithographic Surgical Guide
Template for Planning Treatment

Involving a Mandibular Dental Implant
Sakineh Nikzad, DDS, MSc,* and Abbas Azari, DDS, MSc†

Purpose: In recent years, the concept of prosthodontic-driven implantology has received more atten-
tion. The precise placement of implants in accordance with greater safety and confidence allow the
practitioner to offer a safer, more secure and predictable treatment than could previously be provided.
In this report, this novel approach is illustrated through description of 1 difficult case.

Materials and Methods: Using principles of computer-assisted design and rapid manufacturing, the
data acquisitioned from computerized tomography was used to plan implant rehabilitation and to transfer
this information to the surgery as well.

Results: The procedure of implant planning in this sophisticated technique has potential to yield
substantial public health benefits.

Conclusions: It was demonstrated that the versatility of the technique allows not only precise trans-
lation of the treatment plan to the patient’s mouth, but also offers many additional significant benefits
including use of special guides during surgery which would be difficult to achieve with traditional
procedures.
© 2008 American Association of Oral and Maxillofacial Surgeons
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n recent years, the concept of prosthodontic-driven
mplantology has received more attention. The pre-
ise placement of implants in accordance with greater
afety and confidence allows the practitioner to offer
 safer, more secure, and predictable treatment than
ould previously be provided. While anatomic limita-
ions and bone quantity and quality can now be eval-
ated precisely using 3-dimensional (3D) radiographic
echniques such as computed tomography (CT) tech-
ology, accurate transfer of this information to the
urgical phase has only recently been developed. Today,
omputer-assisted design (CAD) and manufacturing
ave made it possible to use data from computerized
omography not only to plan implant rehabilitation,
ut also to transfer this information to the surgery.
ne such technique uses stereolithography, a laser-
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1446
ependent, rapid prototyping polymerization process
hat can duplicate the exact shape of the patient’s
keletal anatomical landmarks in a sequential layer of
 special polymer. In this report, this novel approach
s illustrated through description of 1 difficult case,
emonstrating that the versatility of the technique not
nly allows precise translation of the treatment plan
o the patient’s mouth, but also offers many additional
ignificant benefits including use of special guides
uring surgery which would be difficult to achieve
ith traditional procedures.
Today, the implant-supported restoration is an in-

reasingly used treatment option for edentulous and
artially edentulous patients. After more than 25 years
f experience, the methodology involved has become
efined as to the material involved as well as the
lanning and surgical procedures. It is clearly under-
tood that successful implant treatment is character-
zed not only by achieving osseointegration but also
y correct placement for prosthetic restoration.1

any factors must be considered when planning im-
lant treatment in the partially edentulous jaw. His-
orically, dental surgeons have tended to place im-
lants where the greatest amount of bone was
resent, with less regard to placement of the defini-
ive restoration. However, the clinical outcome and
ong term prognosis of implant-supported restorations
argely depend on the stable and strong fixation of den-

al implants in the bone. Failure to recognize the pros-

mailto:azari@sina.tums.ac.ir
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NIKZAD AND AZARI 1447
hetic demands often leads to a compromised definitive
rosthesis with a jeopardized occlusal scheme, poor
sthetics, and unfavorable biomechanics.2-5

Recently, a new concept of prosthodontic-driven
mplant placement has emerged as a treatment mo-
ality that combines functional and esthetic philoso-
hies.6,7 In prosthodontic-driven implant placement,
iagnostic casts and the diagnostic wax-up of the
rosthodontic restoration guide the planning of posi-
ions for the proposed implants.8 To precisely transfer
he prosthetic plan to the operative site, customized
adiographic and surgical templates have become a
outine part of treatment.6,9-11A thorough radiographic
xamination and exact diagnosis of the bony architec-
ure are fundamental prerequisites.12,13 Conventional
ental panoramic tomography and plain film tomog-
aphy are usually performed with the patient wearing
radiographic template with integrated metal spheres
t the position of the wax-up. Based on the magnifi-
ation factor and the known dimensions of the metal
phere, the depth and dimensions of the implants are
lanned. Plain radiography, which is widely used, has

mportant diagnostic limitations; however, such as
agnification and distortion, setting error, and posi-

ion artifacts. Conventional radiography does not pro-
ide 3D information about the dental arch.13-15 Al-
hough conventional surgical templates allow guidance
f entry of the drill into bone, such templates will not
rovide exact 3D guidance. The templates are fabricated
n the diagnostic cast without knowledge of the exact
natomy below the gypsum surface. Thus, when con-
entional implantation techniques are used, the clinical
utcome is often unpredictable and, even if the implants
re well placed, the location and deviation of the im-
lants may not meet optimal prosthodontic treatment
equirements. To overcome these problems, CT, 3D
mplant planning software, and computer-aided surgery
ave been introduced.12,13,16,17

In CT, multiplanar reformatting (MPR) allows the
rosthodontist to reformat a volumetric dataset in
xial, coronal, and sagittal cuts and to build multiple
ross-sectional and panoramic views.18,19 Special
lanning software has been adapted to allow practi-
ioners to virtually plan location, angle, depth, and
iameter of virtual implants, which are superimposed
n the 3D data set. Following very delicate backward
lanning, the diagnostic wax-up is visualized on the
T scan through a special radiographic template.11,20

his radiographic template is fabricated as an exact
eplica of the desired prosthetic end result and is
upported with different radiopaque markers. Based
n the information in this “visible template,” dental

mplants are planned on the CT data with respect to
ital structures such as the inferior alveolar nerve, the
oots of adjacent teeth, and the maxillary sinus.10,21,22
n addition to visualization and other diagnostic tools, o
uch as the evaluation of bone density,23 these soft-
are programs allow for placement of virtual im-
lants and further assist the surgeon in foreseeing
ositioning and size of implants before surgery.21,24

Transfer of a sophisticated plan to the surgical field
s not easy, however, and to overcome this difficulty,
everal novel approaches have been recently devel-
ped. One approach uses a computer-aided manufac-
uring (CAM) technique to generate osseous, muco-
al, or tooth-supported surgical guides and anatomic
odels (SurgiGuide; Materialise Dental, Leuven, Bel-

ium). With this technique, transfer of the DICOM
les and the clinician’s implant planning are used to
esign the surgical guides with the aid of a widely
sed computer software package, SimPlant (Materi-
lise, Leuven, Belgium). A special 3D transparent
esin model, SurgiGuide, which fits intimately with
he hard and/or soft tissue surface is then processed:
computer-guided laser beam passing through a pho-

osensitive bath of special liquid polymer causing
ayer by layer polymerization (stereolithography).
nce hardened, the polymeric prototype and, in our
ase, surgical guides contain spaces for stainless steel
r titanium drill-guiding tubes. The metal cylinders
re then glued into the spaces, and the guides are
eady for clinical use.25 It has been shown that these
ur guiding cylinders allow for intraoperative real-
ime tracking of the drill according to the planned tra-
ectory.26-28 In this report, using the concepts developed
y Materialise, the technical steps involved in the gen-
ration of a special stereolithography template will be
utlined, while highlighting the significant benefits over
raditional therapeutic methods in a case involving im-
lant rehabilitation.

aterials and Methods

The patient whose treatment is described in this
eport was treated in Imam-Ali Dental Clinic, Division
f Prosthodontics (Tehran, Iran). She had worn 2
emovable partial dentures for more than 15 years and
either was satisfactory to her. Early clinical findings
evealed many carious lesions and progressive peri-
dontal involvement of all remaining teeth. An un-
ven resorption of remaining bone in the anterior
egion and moderate to severe resorption in the pos-
erior areas were observed (Fig 1). A mandibular full
mplant-supported fixed partial denture was pro-
osed. However, a preliminary analysis including clin-

cal observation, diagnostic models, and panoramic ra-
iography revealed difficulties that precluded simple

mplant placement. Because the bone was not in good
ondition, treatment involving the use of CAD/CAM
oftware and protocols of computer-assisted implantol-

gy was decided on. To fully utilize the possibilities of
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1448 A NOVEL STEREOLITHOGRAPHIC SURGICAL GUIDE TEMPLATE
his treatment modality, multiple steps were proposed
or implant treatment as described in this report.

First, the original cast with diagnostic wax-up was
uplicated, and a removable partial denture-like ap-
liance was fabricated to serve as a radiographic tem-
late to be worn during the CT scan (Fig 2). The
canning template prepared by this method is an
xact replica of the desired prosthetic end result.
ncorporation of the scanning template into the CT
canning data allows the clinician to base implant
lanning on the desired prosthetic outcome. The
reatment plan is thus driven by the prosthetic end
esult, rather than conversely.17 The patient was sent
o the radiologist with the scanographic (radio-
raphic) template. After completion of the scan, the

IGURE 1. The patient at first visit. Observe the uneven bone
esorption of the anterior segment and the remarkable resorption of
he posterior mandible.

ikzad and Azari. A Novel Stereolithographic Surgical Guide
emplate. J Oral Maxillofac Surg 2008.

IGURE 2. The scanographic template ready to position in the
outh.
p
ikzad and Azari. A Novel Stereolithographic Surgical Guide
emplate. J Oral Maxillofac Surg 2008.
esulting DICOM files were sent to a “data processing
enter” using the sending files over Internet protocol
FTP). At the data processing center, a computer
ngineer edited the raw scan, removing scattered and
rrelevant images (eg, spinal column, antagonist teeth,
cattered image, etc). The scanning template pre-
ared by this method can be easily identified in axial
ections and the uneven resorption of bone in reformat-
ed sagittal and panoramic sections observed (Fig 3).
arious anatomic structures, such as the mandible,

he scanographic template, and the anterior remain-
ng teeth, are separated into different masks. Each of
hese masks can be toggled on or off to allow separate
isualization and interpretation.
After calculation of the corresponding 3D models,

he resulting data were forwarded via FTP to the
reating clinician, who was then able to evaluate and
lace virtual implants in the resulting accurate 3D
odel of the intended surgical implant site. During

his phase, using a well-known software program
SimPlant, version 10), many parameters were
hecked, including bone density surrounding the pro-
osed implant sites and maximum available and ac-
eptable implant length and width (Fig 4). The initial
ndings in the 3D reconstruction of the patient’s jaw
onfirmed the periodontal problems associated with
he remaining teeth, uneven resorption of residual bone,
nd a much dispersed bone density pattern (Fig 5).

By using an innovating smart module called “Dr
ames,” the software program automatically selects
he length and diameter of the selected implants ac-
ording to an existing library of implant dimensions.
he position of the implant can then be paralleled by
hifting, tilting, or adaptation of its dimensions in a

IGURE 3. 2D panoramic view demonstrating the uneven resorbed
one. Observe the sketched nerve fibers that facilitate evaluation of

he exact position and trajectory of the nerve in all dimensions.

ikzad and Azari. A Novel Stereolithographic Surgical Guide Tem-
late. J Oral Maxillofac Surg 2008.
anoramic as well as 3D reconstruction plane. Owing
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NIKZAD AND AZARI 1449
o the problem of existing unevenly resorbed and
arrow bone, it was proposed to utilize the concept
f “submerge planning” for implant positioning and
irection. With an even distribution of implants in
ind, the height of implants was planned precisely in
plan and below the narrowing depression of remain-

ng bone (Fig 4B). The remarkable versatility of the
oftware in manipulation of the implants permits the
election of optimal placement locations according to
complex set of prerequisites, including correspon-

ence with the initial prosthetic plan, visual check
hat the implant is encased in bone in all directions,
nd optimal positioning so that the implant is located
n a zone with the highest possible density.

Because it was proposed to remove unnecessary

IGURE 4. A, Complete report,
howing the exact position of pro-
osed implants in all dimensions,

ncluding density information
long both the inside and outside
f proposed implant location. B,
D axial view with the image of
ne of the proposed submerged
mplants. Bone density around the
mplant location is sketched in
olor.

ikzad and Azari. A Novel Ste-
eolithographic Surgical Guide
emplate. J Oral Maxillofac Surg
008.
one, the next step was to order a special SurgiGuide t
or preparing the bone appropriately. The role of this
pecial guide is to specify exactly the bone level
esired for implant insertion. Because of its function,
he company has denoted it “Reduction Guide.” In
ddition to this special guide, the finalized treatment
lan is also sent to Materialise, the SimPlant manufac-
urer, for fabrication of a specialized surgical drill
uide to maximize bone support. The position and
irection of the cylinders correspond exactly to the
osition and direction of the planned implants. Dur-

ng manufacture of the guides, surface coverage is
aximized to increase the stability and retention of

he templates on the osseous surface. Multiple Sur-
iGuides were fabricated using tube diameters of in-
reasing size that corresponded to the increasing

wist drill diameters used during surgical implant
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1450 A NOVEL STEREOLITHOGRAPHIC SURGICAL GUIDE TEMPLATE
lacement (Fig 6). Accuracy was verified by placing
he surgical templates on the fabricated anatomic
odels.
Standard surgical protocol was used to gain access

o the surgical sites. After flap elevation, tooth extrac-
ions were made and the remaining bone carefully
valuated. During this phase, the predetermined diag-
osis of uneven bone resorption in relation to anterior
eeth was confirmed and the precision of the software
reatment plan was fully verified (Fig 7). To check the
recision of the so-called “reduction guide,” it was po-
itioned in the remaining bone after extraction (Fig 8A).
he bone that was extruded from the aperture of the
uide was delicately shortened to the predetermined
evel (Fig 8B). After completion, the bone was ready
o receive the first drill guide and sequential implant
steotomy. The first guide, with 2-mm diameter drill

IGURE 5. A, 3D view of the patient’s jaw and colored masks
econstructed bone around remaining teeth. Masks can easily tog
howing the overall bone density. Note the very disperse and por

ikzad and Azari. A Novel Stereolithographic Surgical Guide Te
uides, was positioned (Fig 9). Osteotomies were a
repared traditionally using twist drills in angulations
xactly defined by the SurgiGuide. Continuous irriga-
ion was facilitated through holes placed on the facial
urfaces of the special surgical templates (Fig 6). After
ompletion of the initial osteotomies, the first surgical
emplates were removed and the second and third
uides were placed in sequence. Because of the ac-
uracy of these templates, pilot drills were no longer
ecessary. After completion of the osteotomies, the
emplates were removed and the implants placed.
laps were adapted and sutured to ensure primary
losure. The result of surgery after 1 week was appar-
nt and is shown in Figure 10.

esults

The use of computer-assisted treatment planning,

e, teeth, and scanographic template. Notice too the situation of
and on as required. B, 2D panoramic view of the patient’s jaw

ne.

. J Oral Maxillofac Surg 2008.
of bon
gle off
ous bo
natomic model building, and surgical template fabri-
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NIKZAD AND AZARI 1451
ation prior to surgical implant placement provides
xtensive, invaluable information otherwise unavail-
ble in existing radiographic surveys. This allowed
xceptional presurgical evaluation and planning,
hich in turn resulted in straightforward and predict-

ble surgical as well as prosthodontic treatment. Os-
eous topography and local anatomic limitations,
uch as concavities, irregularities, and bone density
ould be readily evaluated. Proposed implant posi-
ions were evaluated for cortical bone existence, os-
eous density along the implant body, and ideal re-
torative design from the standpoint of biomechanics.
t the time of surgery, all implants were positioned

IGURE 6. Stereolithographic surgical templates used. Observe th
odel of the patient’s mandible. The so-called “Reduction Guide”
f the reduction guide and holes that are incorporated in the Surg

ikzad and Azari. A Novel Stereolithographic Surgical Guide Te

IGURE 7. Flap elevation has been accomplished and the remain-
ng anterior teeth have been removed. Compare this view with one
resented virtually in Figure 5A. The precision of virtual modeling
ith SimPlant is evident.
t
ikzad and Azari. A Novel Stereolithographic Surgical Guide
emplate. J Oral Maxillofac Surg 2008.
xactly as previously planned, without the need for
odification of implant lengths, widths, or angula-

ions. The versatility of the procedure is so high that
pecial guides can be ordered for special situations
hat can be relied on and that are predetermined
uring the virtual planning phase and before begin-
ing surgery.

iscussion

Proper implant placement is crucial to ideal pros-
hetic reconstruction and long term success.29 In
ases such as the one presented in this report, tradi-
ional 2D radiographic surveys are inadequate in
reparing for predictable, accurate surgical implant
lacement. According to recommendations provided
y The American Academy of Oral and Maxillofacial
adiology (AAMOR), “The goal of presurgical dental

mplant treatment planning is to position the opti-
um number and size of implants for the best restor-

tive results. This can only be done if the location and
xial angulations of each implant are determined by a
horough knowledge of the patient’s bony anatomy is
rovided in a complete radiographic examination that

ncludes the third dimension. . . . Successful treat-
ent planning requires that the clinician evaluate the

uitability of the remaining bone for placement of
mplants. The clinician must determine if there is
nough height, density, width of bone, and an appro-
riate axis of orientation for a successful prosthodon-

ntial drilling holes on the left and fitness of guides on the anatomic
n on the top right on the model of mandible. Notice the aperture
for better irrigation during the drilling phase.

. J Oral Maxillofac Surg 2008.
e seque
is show
iGuide
ic result.”30
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1452 A NOVEL STEREOLITHOGRAPHIC SURGICAL GUIDE TEMPLATE
These recommendations consider the balance be-
ween simple radiologic cases, while several studies
ave shown the advantage of CT scanning over other
echniques. Studies have shown that balancing risk
nd clinical benefit requires reliance on enhanced
adiographic diagnosis to improve clinical treatment
utcome.31,32

When assessing implant recipient sites, Todd et al33

eported that CT imaging is more valuable than con-
entional radiographic techniques. Naitoh et al34 have
learly shown the improved predictability of pre-
mplant planning involving the use of CT over other

odalities. Clinicians using only 2D cross sections
ill make numerous modifications during the surgical
hase of treatment. The addition of a 3D representa-
ion, however, improves the correlation between
lanning and actual placement. Although only im-
lant position is reproducible, implant lengths and
idths are still frequently modified. Additionally, little

IGURE 8. A, Position of the “Reduction Guide” over the ridge. The
recision of guide in relation to the bone is noticeable. The exact
mount of bone for reduction is accurately marked by the guide. B,
osition of the “Reduction Guide” over the ridge after reduction has
aken place. The newly formed bone is ready for implant osteotomy.
ikzad and Azari. A Novel Stereolithographic Surgical Guide Tem-
late. J Oral Maxillofac Surg 2008.

N
T

orrelation has been found between foreseen ana-
omic complications and the presence of these com-
lications at the time of surgery.35,36 A limitation of
hese studies is that they used only printed images,
hile, as suggested in this report, the incorporation
f computer-assisted treatment planning offers signif-

cant advantages, including evaluation of the 3D anat-
my from an infinite number of views and fabrication
f both anatomic site models and surgical guides. The

IGURE 9. Position of the “SurgiGuide” over the diminished ridge.
fter consecutive steps the osteotomies have been completed with
aximum accuracy.

ikzad and Azari. A Novel Stereolithographic Surgical Guide
emplate. J Oral Maxillofac Surg 2008.

IGURE 10. Observation of treatment 1 week after surgery. The
recise paralleling and exact spacing of implants are relevant. It is
bvious that this level of accuracy is difficult to achieve with con-
entional surgery.
ikzad and Azari. A Novel Stereolithographic Surgical Guide
emplate. J Oral Maxillofac Surg 2008.
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NIKZAD AND AZARI 1453
canographic template is a key to the system because
t allows the transfer of a predetermined prosthetic
etup to actual implant planning. When using a cross-
ectional image as in traditional surveys, the bucco-
ingual positioning of the implant can be correlated

ith the tooth outline, while the panoramic view
erifies mesiodistal inclination. However, only 3D
iews reproduced by computer software programs
llow for analysis of virtual implants in all dimensions.
irectional modifications are immediately translated

o all 3 axes, as well as to the 3D model reconstruc-
ion. Complete virtual parameter analysis ultimately
rovides the implant team with a broader knowledge
f the patient’s anatomic features, deficiencies, and
ariations. With the advent of coordinated CAM of
natomic models and surgical templates based on
AD images, the clinician can directly transfer infor-
ation gathered during preplanning to the surgical
hase of implant placement. The stainless steel tubes
mbedded in the templates precisely guide the osteot-
my drills, precluding the need for the pilot drills
escribed in standard protocols. In a number of stud-

es, the accuracy of this type of drill guide has been
emonstrated,37,38 and it has been clearly shown that

mplant placement is improved by use of stereolitho-
raphic surgical guides. It has also been shown that
pecialized open and easy-to-use software (like the
ackage described in this report) can optimize dental

mplant surgery and, therefore, significantly reduce
ime and expenditure.39,40

Despite many advantages, it must be emphasized
hat there are also some disadvantages for computer
uiding methods. Among these the familiarity with
he whole system and the total cost of required tools,
ncluding software program, surgical templates, and
o on, are most important and must be carefully re-
iewed with the patient. Moreover, it must also be
oted that the degree of accuracy of the technique
epends in many aspects to the degree of precision of

mage acquisition technique, which must be carefully
ontrolled by the radiologist. Any discrepancy, mo-
ion, or inappropriate positioning of the patient dur-
ng the CT scanning procedure may lead to errors on
reparing guides. Several different recommendations
ave been advocated by manufacturers to properly
osition the patient during acquisition time. It must
e pointed out that the stereolithographic templates
re made of some type of resin. It is noteworthy that
hese types of materials are nevertheless water ab-
orbable and heat sensitive and therefore may un-
ergo some deformation during delivery time.
It may be concluded that new technologies such as

he one described in this report allow the clinician to
chieve a high level of accuracy and safety that is
ifficult with conventional treatment options. The

recision of implant positioning with this technique

1

ay help to reduce the cost of subsequent prosthetic
reatment, avoiding the use of additional abutments to
ealign implants. The advantages of the described
reatment protocol are relevant to today’s clinical
ractice and can be summarized as follows:

● With a CT scan-based planning system, the clini-
cian is able to select the optimal locations for
implant placement, taking into account specific
anatomic requirements of the patient and using
optimal bone location as well as densities.

● Incorporation of prosthetic planning using a
scanographic template allows the treatment to
be optimized from a prosthodontics and biome-
chanics point of view.

● The high versatility of the technique and soft-
ware program was remarkable. The degree of
design probabilities with this sophisticated tech-
nology can be considered high, which may cover
many requirements in everyday practice.
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