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ABSTRACT

Background: Template-based computer-guided implant placement holds the promise of more precise and less traumatic
placement of dental implants. Errors in the fabrication process of the surgical guide may lead to unfavorable clinical
outcomes.

Purpose: This report discusses the potential of unintentional volumetric deformation of stereolithographically (SLA)
produced surgical guides (NobelGuide, Nobel Biocare AB, Göteborg, Sweden) compared with the original scan denture.

Materials and Methods: Three-dimensional radiographic data acquired by medical computerized tomography (CT) or cone
beam CT (Newtom 3G, AFP Imaging Corporation, Elmsford, NY, USA) can be utilized in specialized software to develop
treatment planning for dental implant placement.

This information can then be transferred to the patient via a surgical guide. Stereolithography is a rapid prototyping
process that can be used to create such a guide stent. Three cases are shown describing different levels of deformation of
SLA-produced surgical guides.

Results: Unintentional deformation of SLA-produced surgical guides is possible. Deformation of surgical guides can create
dissimilarity between the virtually planned position and the actual position of the implants.

Conclusion: Incorrect setting of the ISO values for the segmentation of the scan denture has been found to be a factor in the
deformation of SLA-produced surgical guides, although more, at this time known but also less understood, issues appear
to be involved. Only one manufacturer’s product is discussed; further research is warranted to determine if the discrep-
ancies are process or product based. It might be prudent to closely evaluate the volumetric congruence of SLA-produced
surgical stents before their clinical use to prevent undesired clinical outcomes.
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INTRODUCTION

Historically, dental implants have been placed by creating

direct access to the surgical site. This allows the clinician

to visualize the bony architecture. Of course this visual-

ization is limited to the exposed area. A broad range of

radiographic techniques are used to supplement the

available information. These can range from two-

dimensional periapical, panoramic, to lateral cephalom-

etric views, either conventionally or in a digital format. In

the last decade, three-dimensional radiographic infor-

mation has become more accessible with the use of com-

puterized tomography (CT) and cone beam CT (CBCT,

Newtom 3G, AFP Imaging Corporation, Elmsford, NY,

USA) technologies. Implementing this information still

requires high surgical skills from the operator who needs

to translate the diagnostic information into the correct

three-dimensional implant placement.

To aid the clinician during the surgical procedure, a

broad range of surgical guides have been developed.1–8

Design concepts vary, from the simplistic non-limiting,

to the partially limiting, and, finally, to completely

limiting surgical guides. The non-limiting design, in
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general, provides the surgeon an indication as to where

the proposed prosthesis is in relation to the selected

implant site. The partially limiting design offers the pos-

sibility to have a guide sleeve direct the first drill used for

the osteotomy. The remainder of the osteotomy and

implant placement is then finished freehand by the

surgeon. The completely limiting design restricts all of

the instruments used for the osteotomy in a buccolin-

gual and mesiodistal plane. The addition of drill stops

limits the depth of the preparation and, thus, the posi-

tioning of the prosthetic table of the implant.

The information acquired with CT or cone beam

can be used in specialized software to plan the ideal

position of dental implants in relation to the prosthetic

reconstruction, the available bone, and the vital struc-

tures, which need to be avoided. Currently, there are two

main technology directions that can be used to transfer

the planning to the surgical field: navigated systems

and surgical guide stents-based systems. In navigated

surgery, the handpiece position in relation to the previ-

ously planned osteotomy site is followed live as the

surgeon advances the surgical instrumentation.9–14 With

surgical guide stents-based systems, the surgeon follows

the information as is encoded in the surgical guide,

mostly by means of a guide ring that is embedded in the

surgical guide stent. Then, with dedicated instruments,

the osteotomy is made through the guide rings, after

which the placement of the implant may be guided as

well.15–17 A recent publication by Ruppin and col-

leagues18 found both techniques not statically different

in the accuracy attained.

Computer-assisted surgical guide stents can be

made via a rapid prototyping additive process called

stereolithography19 or through numeric-controlled

milling, a subtractive process.20,21

In stereolithography, a basin of light-polymerizing

resin is illuminated with a laser, polymerizing small

areas at a time, much like an ink-jet printer depositing

ink on paper. The laser turns on and off based on the

information it receives from the computer-aided design

model in the computer.

The basin is then moved down over a small distance,

and the laser travels over the field again. This process is

repeated over a period of time, slowly building the

object. In dentistry, the object, historically, was a copy of

the patient’s anatomy22 on which then, if desired, con-

ventional surgical guides could be fabricated. The same

stereolithographic process can also fabricate surgical

stents directly.23 Although there is great variation in

techniques, products, and application, the literature at

this time seems to indicate that maximum deviation

between planned implants and actual implant position

using stereolithographically (SLA)-produced surgical

guides is in the range of 1.5 to 2.3 mm linear measured

at the apex and 4 to 6° angular.24–27 It is important to

recognize that the maximum deviation is the value that

has to be considered if the technology is trusted to place

dental implants with confidence, often in a keyhole flap-

less surgery approach. In addition, this is developing

technology where there is a learning curve for the pro-

viders of the care as well as for the producers of the

products that are used. This article is addressing part of

the learning curve, where SLA-produced surgical guides

are deformed compared with the shape and form of the

original scan denture. Although all cases here discussed

are produced via a singular manufacturer, it warrants

noting that similar deformations might be possible with

other producers and processes. So care should be exer-

cised in the interpretation of these findings. To the

author’s knowledge, there has not been a report in the

dental literature indicating the deformation of SLA-

produced surgical guides from the intended shape and

form.

MATERIALS AND METHODS

NobelGuide (Nobel Biocare AB, Göteborg, Sweden) is a

commercially available specialized software product that

allows the importation of CT and CBCT data, the plan-

ning of implant therapy, and the subsequent production

of an SLA-produced surgical guide, aiming at placing

dental implants per the planning in the computer. In

addition, because the position of the implants is known

before actual surgery, it is possible to generate a dental

cast based on the surgical guide, which then allows the

prefabrication of a dental prosthesis. This prosthesis can

then be placed at the time of surgery if an immediate

loading protocol is desired.

As previously mentioned, it appears that, for

various reasons, a small deviation between planning and

final placement is to be expected. The clinical effects of

these deviations are, at this time, less understood. Dif-

ferent authors have reported their experiences with

this specific commercial treatment modality and have

described a range of satisfaction with the outcome they

attained. Very good results have been reported;28–30

others have reported minor to major complications.31–33
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Per the protocol, the patient is fitted with a scan

denture that, if the patient is fully edentulous, is a well-

fitting complete denture, and if partially edentulous, the

denture is a partial denture replacing the, to be replaced,

teeth and a covering of the remaining dentition. Fidu-

ciary markers of gutta-percha are placed in a zigzag

pattern. The computer converter program is set to rec-

ognize the size and density of the markers. A scan index

is made with a vinyl poly siloxane (VPS), so the patient

can compress the scan denture against the tissue in full

contact during the scanning procedure. The patient is

scanned with the scan denture in place; subsequently,

the scan denture is scanned individually, creating two

distinct Dicom files. The Dicom files are imported into

the converter part of the program. The converter will

translate the Dicom files to a software-specific file

format. First, the patient’s file is converted. The ISO

threshold value needs to be set by the operator. The

three-dimensional surface is drawn within a volumetric

data field, corresponding to points with a specific inten-

sity value. The settings will indicate to the computer

which value to assign to a given grayness. To low a

setting will give a lot of scatter noise in the computer

model, if the threshold is set to high, it will result in a

fragmented appearance of the computed model. Second,

the scan denture file needs to be converted. Here, too, is

setting the threshold value required of the operator.

Once the two virtual models have been created, the

pairing of these models is next. The computer, in most

cases, automatically recognizes the gutta-percha fidu-

ciary markers of both files and, once a match is found,

superimposes both files. In such, it is able to have a clear

demarcation of the scan denture in relation to the

patient’s tissue. This file is saved and then imported into

the planning module of the software. There, the dental

implants can be planned in a virtual environment, con-

sidering the prosthesis as well as the bone and vital

structures of the patient. The planning module allows

for the evaluation of the interrelationship of the surgical

guide rings, to each other to prevent collisions and to

the surface of the prosthesis to prevent extrusion of the

guide rings beyond the surgical guide. Once the plan-

ning is confirmed, the computer software is generating a

virtual model of the proposed surgical guide. Upon

approval by the operator, the guide information is send

via the Internet to the production facility. The guide

information is based on the scan of the scan denture,

superimposed with the information of the guide sleeves

that are placed within the duplicated scan denture. The

manufacturer offers the option to order a duplicate

denture, which is a copy of the scan denture, and a

surgical guide, which is the same scan denture, but now

with metal guide sleeves incorporated. Once manufac-

tured, the guide and duplicate denture are returned to

the clinician for implant placement. The desired

outcome of the production of the surgical guide is to

have the same shape and volume as the scan denture that

was used, as to precisely transfer the planning to the

patient. It was found out that this was not always

the case. The following cases will describe some minor

and major deformation situations.

Case 1

A 55-year-old male presented with full edentulism,

desiring implant-supported fixed reconstruction of

both maxilla and mandible. The patient was prepared to

undergo the above-mentioned protocol in preparation

for implant placement and immediate loading provi-

sional prosthesis. The patient was scanned with a CBCT

(Newtom 3G, AFP Imaging Corporation). Scan infor-

mation: 110 kVp, voxel size 0.2 mm, 9 seconds, 27 mA,

reconstructed at 0.4 mm interslice distance. The pro-

duced Dicom files were imported into the software, and

the ISO values were set based on the appearance of the

reconstruction model for both the bone as well as for

the denture. The planning was performed, and the guide

information was sent via the Internet to the production

facility. Upon receiving the guides and duplicate den-

tures, casts were made using the surgical guides, per the

manufacturer’s protocol. The duplicate dentures fitted

the casts well, indicating the congruence between the

guides and the duplicate dentures. The duplicate den-

tures were used to mount the cast in an articulator. At

this time, it was noted that the duplicate dentures did

not fit the occlusal record as was previously made

intraorally using the scan dentures. Dedicated impres-

sions were made with a stiff VPS material (Blu-Mousse,

Parkell Inc., Edgewood, NY, USA), from the occlusal

aspect of the scan denture as well as from the intaglio

(Figures 1–3). The impressions were placed on the cor-

responding surfaces of the duplicate denture, and gross

discrepancies were noted (Figures 4–6). New guides and

dentures were ordered based on the same data set. Once

the new guides and duplicate dentures were received, it

was apparent that the new set was similar to the one

previously made, indicating that the discrepancy was
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within the data set used. Research conducted by the

manufacturer indicated that during the conversion

process, incorrect threshold values were used for the

denture. Once the importance of the threshold settings

were realized, the Dicom images were converted cor-

rectly, and new duplicate dentures and surgical guides

were fabricated. The fit of the new guides was much

improved and deemed acceptable for use during surgery.

Figure 2 Scan denture in VPS index lateral view. Figure 5 Duplicate denture in VPS index lateral view, note
discrepancy.

Figure 1 Scan denture in VPS index anterior view.

Figure 3 Scan denture with VPS index of intaglio.

Figure 4 Duplicate denture in VPS index anterior view, note
discrepancy.

Figure 6 Duplicate denture, note discrepancy between index
and intaglio.
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Case 2

A 48-year-old female presented with maxillary edentu-

lism, requesting fixed implant-supported reconstruc-

tion. A dedicated scan denture was fabricated per the

manufacturer’s protocol, and the patient was scanned

with a medial CT scanner (Hispeed, GE Healthcare,

Buckinghamshire, England). Scan information: 120 kV,

gantry tilt 0, gantry speed 0.75 s/rotation, 90 mAS. The

Dicom data were imported in the converter program of

the NobelGuide software, and the Hounsfield units were

set to carefully cover the radiographic information with

the orange mask. Loupes with 5¥ magnification were

used to evaluate best coverage. A surgical guide and a

duplicate denture were ordered. The surgical guide was

used to fabricate a cast that was used to fabricate a pro-

visional restoration for an immediate loading protocol

(Figures 7 and 8). The soft tissue material was removed

from the cast, and the original scan denture was placed

back onto the cast. It was noted that the scan denture did

not fit the cast (Figure 9). The scan denture could thus

not be used to mount the cast in a dental articulator.

When the scan denture was hand articulated in

maximum intercuspation, a distance of approximately

Figure 9 Fitting of scan denture on cast. Soft tissue mask has
been removed. Note ill fitting at palatal aspect.

Figure 10 Scan denture in maximum intercuspation, note
relationship of cusp tip to denture material.

Figure 11 Duplicate denture in maximum intercuspation, note
difference in relationship between cusp tip and surface of
duplicate denture compared with original scan denture.

Figure 7 Cast fabricated based on the surgical guide.

Figure 8 Duplicate denture and scan denture.
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1 mm was noted between the distal cusps of a lower

right molar (Figure 10). When the duplicate denture was

hand articulated in maximum intercuspation, this dis-

tance was almost eliminated, indicating that the occlusal

surfaces of the scan denture and the duplicate denture

were dissimilar (Figure 11).

Case 3

A 60-year-old male presented with maxillary edentu-

lism, requesting a fixed implant-supported reconstruc-

tion. A dedicated scan denture was fabricated per the

Figure 16 Duplicate denture in stone index anterior view, note
discrepancy.

Figure 12 PVS putty index of scan denture.

Figure 13 Scan denture in stone index anterior view.

Figure 14 Scan denture in stone index lateral view.

Figure 15 PVS putty index of scan denture now related to
duplicate denture, note adequate congruence of fit.

Figure 17 Duplicate denture in stone index lateral view, note
discrepancy.

Deformation of Stereolithographically Produced Surgical Guides 447



manufacturer’s protocol, and the patient was scanned

with a CBCT (Newtom 3G, AFP Imaging Corporation).

Scan information: 110 kVp, voxel size 0.2 mm,

9 seconds, 27 mA, reconstructed at 0.4 mm interslice

distance. The Dicom data were imported in the con-

verter program of the NobelGuide software. The ISO

units were set to carefully cover the radiographic

information with the orange mask. Loupes with 5¥
magnification were used to aid visualization. A duplicate

denture and surgical guide were ordered. Impressions

were made with a stiff VPS putty material (Coltene lab

putty, Coltene/Whaledent Inc., Cuyahoga Falls, OH,

USA) of the intaglio of the scan denture, and stone

impressions (GC Fujirock, GC Inc., Alsip, IL, USA) were

made of the occlusal and incisal aspect of the scan

denture (Figures 12–14). The impressions were fitted

with the corresponding surfaces of the duplicate

denture. It was found that a very acceptable fit was seen

for the intaglio of the denture (Figure 15), but that gross

deformation had occurred at the occlusal aspect

(Figures 16 and 17). Research of the data sets by the

manufacturer indicated that the correct threshold values

were used to convert the Dicom data. As the original

scan denture was no longer available, no conclusions

could be drawn as to why this deformation had

occurred.

DISCUSSION

Computer-generated surgical guides pose big promise to

deliver less-invasive, more-precise surgical placement of

dental implants. It is imperative that high precision and

fidelity are mandatory requirements if these techniques

are to be used in keyhole surgeries. The elimination of

Figure 18 Screenshot of converter set at ISO –600, to low, virtual model appears visually correct.
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direct vision makes that the clinician should be able to

trust the technology. Of course with any new develop-

ment, a learning curve is inevitable. This holds true not

only for the clinicians delivering the care, but also for the

manufacturers developing the technology. It is clear that

the desired outcome of the production process of SLA

surgical guides is that the guide is similar to the original

scan denture. The ISO values as set are used by the

computer to build a virtual model of the scan denture

(Figures 18–21). Once the model is generated, the

operator can visually inspect it. If the value is set to high,

then the model is clearly defective (see Figure 21), but if

the value is set to low, then visual inspection is not

discriminative enough. The virtual model will appear

correct for a wide range of values and is thus useless.

Instead, what needs to be utilized is the orange mask

feature. This indicated which pixels from the radiograph

the computer will use for the virtual model. The ISO

values need to be set so that the orange mask is exactly

covering the data from the scan denture. Set to low, it will

grow the surgical guide, set to high, it will shrink the

guide. In both cases, creating a deformation compared

with the original scan denture. The ISO values are not

only specific for the manufacturer, but also for the par-

ticular machine used, and will have to be set individually.

If standard values are used, then there is an increase

change of introducing incorrect ISO values to the data

set. Individual actions of the operator will have an effect

on the end product.

As described, we found haphazardly that SLA-

produced surgical guides potentially do not conform to

the original. Sometimes the deformations were minimal,

although sometimes the deformations were gross. The

clinical consequences are not yet fully understood but

Figure 19 Screenshot of converter set at ISO –300, to low, virtual model appears visually correct.
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are obviously a decrease in the reliability to place dental

implants in the position that was selected in the com-

puter. Case 2 exemplifies how clinical errors could be

introduced. A surgical index is used by the surgeon to

place the surgical guide at commencement of implant

placement. This index is made, per the manufacturer’s

protocol, by mounting the cast with the duplicate

denture. Once mounted, the duplicate denture is

replaced with the surgical guide, and a stiff VPS material

is injected in the corresponding space. If in this case the

scan denture was used per the manufacturer’s protocol,

then it would have resulted in an incorrect relationship

between the mandibular cast and the maxillary cast. To

check the correctness of the surgical index, the surgical

guide is loaded with a thin-flowing VPS material

(Exaflex, GC Inc.) and manually placed in intimate

contact. The fit of the surgical guide can then be evalu-

ated as the thickness of the set material indicates space

between the guide and the tissue (Figure 22). A similar

test is performed with the patient biting on the surgical

index. Upon setting of the impression material, the fit

can be evaluated (Figure 23). If there is a discrepancy in

the thickness of the disclosing material, then the surgical

index should be rejected as it would result in the mal-

positioning of the surgical guide and, hence, in incorrect

implant placement.

It would be advantageous if software could be devel-

oped that would automate the setting of the ISO values,

as this apparently is a very important part of the proce-

dure. This would then maximize the potential precision

of this technique. Additionally, the manufacturers

should be able to indicate the amount of distortion there

is between the produced SLA guide and the original

scan denture. This would allow the development of a

Figure 20 Screenshot of converter set at ISO –200, correct virtual model appears visually correct.
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Figure 21 Screenshot of converter set at ISO 0, to high, virtual model appears visually incorrect.

Figure 22 VPS disclosing material indicating intimacy of fit of
a surgical guide to soft tissue (photograph of a different case).

Figure 23 VPS disclosing material indicating intimacy of fit of
surgical guide to soft tissue when related with surgical index.
Note palatal thickness of VPS, indicating ill fitting of guide,
because of incorrect surgical index.
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clinically acceptable numerical indicator when a guide

can be used for implant placement. For example, a stan-

dard set of fiduciary markers in a holder for the

scan denture could be scanned together with the scan

denture. The marker’s size, interrelationship, and loca-

tion will be known to the software. The marker will

follow a similar path within the computer processes as

the scan denture, as it is one file. When ultimately the file

is created for the duplicate denture, then the marker

parameters can be verified to the know markers of the

holder and an error recorded. This error would then

apply as well to the duplicate denture and could be

quantified. At this time, the duplicate denture is used for

this purpose. As was shown, the threshold for the ISO

values is probably not solely responsible for the discrep-

ancies noted. Case 1 showed a generalized deformation

of the surgical guide, with documented incorrect thresh-

old values used for the denture setting. Case 3 showed

that even with correct ISO settings, local deformation is

still possible. Therefore, a combination of other factors

known and unknown maybe involved. Errors in scan

parameter setting, interslice distance, and general opera-

tor functioning are known to attribute to a less than

ideal outcome, but less understood factors may be at

play as well. Therefore, more research and development

are needed. It should be noted again that although only

the experience with one manufacturer’s product has

been described, careful evaluation of all SLA-produced

guides seems to be prudent.

CONCLUSION

SLA-produced surgical guide stents have the potential to

be dissimilar from the original scan denture. This will

have an effect on the clinical reliability of those guides.

The ISO threshold setting in the conversion software is a

very sensitive component of the production process.

Other, at this time, unknown factors appear to be

responsible as well; further research is warranted. Veri-

fication of the volumetric congruence of the produced

SLA guide and the scan denture is advised.
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