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The position of the placed dental implants in the edentulous ridge determines its 
success prosthetically. The implants could be placed in a correct position according to 
the treatment plan yet have an incorrect angulation. To overcome the discrepancies 
in angulations and place the dental implants in planned position, surgical stents were 
introduced. The stent is then used with a sequential drilling, to minimize the possibility 
of a positional error due to freehand placement of dental implants The aim of this 
study is to assess the radiographic accuracy of implants inserted by stereolithographic 
surgical guides using partially versus completely limiting designs in the posterior 
mandible.

Three patients received 14 implants, each patient had mandibular posterior 
edentulism and received implants through stereolithographic guide with the right side 
using partially limiting designs and the left side as completely limiting designs.
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Results of this study in comparison between 
the test (completely limiting designs) and 
control (partially limiting designs) groups were 
statistically insignificant. The angular deviation 
was slightly lower in the test group.

The accuracy of completely limiting design 
is slightly more accurate than partially limiting 
designs, especially in implant angulation, 
despite not statistically significant. 

Key words: stereolithographic surgical 
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The position of the placed dental implants 
in the edentulous ridge determines its success 
prosthetically. The implants could be placed in 
a correct position according to the treatment 
plan yet have an incorrect angulation 1. To 
overcome the discrepancies in angulations 
and place the dental implants in planned 
position, surgical stents were introduced. The 
stent is then used with a sequential drilling, to 
minimize the possibility of a positional error 
due to freehand placement of dental implants 
2. 

Successful implant treatment is directly 
related to achieving integration and restoring 
hard and soft supporting structures for esthetics 
and function 3. To achieve a predictable and 
acceptable outcome the clinician should have 
thorough understanding of the surgical and 
prosthodontic phases of treatment and be able 
to visualize the final prosthetic before dental 
implant placement. The desire for predictable 
results led to development of prosthetically 
guided implantology 4.

The placement of dental implant in correct 
position is challenging. Although recent 
advances in techniques and devices significantly 
improved the predictability of results, it 
remains a challenge. Three Dimension (3-D) 
radiographic information are required for the 
correct position and orientation of implants, 

making the diagnostic casts, probing depths 
and panoramic radiography of less importance 
due to their unpredictable results 3,5-9. 

During dental implant planning, the 
clinician should plan the position of the implant 
in accordance with accurate mesiodistal 
and buccolingual location, angulation with 
residual bone and correct implant orientation, 
to achieve a successful prosthesis supported 
dental implant and avoid anatomical limitations 
10. 

The incorrect position of dental implants has 
consequences on both the short term and long-
term run. The malaligned implants complicate 
the clinical and laboratory procedures needed 
for the fabrication of the prosthesis. On the 
long term run the improper load distribution, 
and the increase in stress concentrations 
on supporting implants compromises the 
maintenance of the bone-implant interface 10. 

The use of surgical stents provides optimum 
implant placement in both the position 
and orientation. A modified surgical stent 
will guide to proper mesiodistal position of 
dental implants 10.  Correct positioning of 
dental implants is largely dependent on the 
experience and attention of the surgeon since 
conventional surgical guides include a single-
diameter guide channel that allows only the 
initial drill to pass through 3. 

Different types of stents are available 
and are classified according to their design 
concept into non-limiting, partial limiting 
and completely limiting designs. The non-
limiting design only indicates the site with 
no regards to orientation or angulation. The 
partial limiting designs involve placement of 
first drill only through the guide, and usually 
involves fabrication of radiographic templates 
which are converted into surgical guides. The 
completely limiting designs restricts the drilling 
of osteotomy in bucco-lingual and mesiodistal 
directions. It also includes drill stops that limit 
the depth of osteotomy. Those surgical guides 
could either be cast based guided surgical 
guide, CAD/CAM based Surgical guide and 
Stereolithography.



The use of stereolithographic surgical guides to compare between partial versus complete limiting designs in the posterior mandible. 
A randomized clinical trial and split mouth study. 35

Stereolithography is a rapid prototyping 
technology that permits 3-D implant 
stimulation and fabrication of computer 
guided surgical guides. The dental implant is 
therefore positioned in the accurate position 
and orientation in bucco-lingual dimension, 
mesio-distal dimension and even its depth as 
planned during 3-D computer workup. 11-14. 

As in our study we will compare the partially 
limiting versus completely limiting designs 
to assess the radiographic accuracy of both 
surgical guides’ designs in all dimensions. 

The aim of this study is to assess the 
radiographic accuracy of implants inserted 
by stereolithographic surgical guides using 
partially versus completely limiting designs in 
the posterior mandible.

Fourteen implants were placed in three 
patients, two males and one female. The study 
design was split mouth where the right side 
was the control side (partial limiting design) 
and left side was the study side (completely 
limiting design). In the control side only the 
drilling was through the stereolithographic 
guide sleeves (universal sleeves), where in 
the study side both the drilling and implant 
placement was through the specific sleeves in 
the stereolithographic guide.

Medical history, clinical and radiographic 
examination by Cone Beam Computed 
Tomography (CBCT)  to asses bucco-
lingual and mesio-distal ridge dimensions, also 
periodontal treatment was done whenever the 
condition necessitates it.

For the both groups using CBCT the implants 
were planned, and the computer guided stents 
were produced using In2Guide .

All subjects were given antibiotic prophylaxis 
Augmentin 1gm regimen orally 1 hour prior to 
the surgical procedure, if patients allergic to 

penicillin Clindamycin 300 mg was given, then 
the patient was asked to rinse with an antiseptic 
mouthwash chlorohexidine mouth wash for 5 
minutes prior to the surgical procedure.

After reaching the required asepsis by 
asking the patient to rinse by chlorohexidine 
mouth wash and swaping the surgical site 
using Betadine, local anesthesia (Articane 4%) 
was administered using infiltration technique 
buccal and lingual, and once the area has been 
anesthetized, crestal and sulcular incision were 
done using BP blade #15 and a flap was raised, 
and the lingual flap was stabilized using 3-0 
silk suture. Biohorizon implants with lengths 
standardized at 10.5 mm and diameters of 
either 3.8 or 4.6 mm were placed using the 
guided stereolithographic stent that was fixed 
by anchoring (positioning) screws . 
The sequence of drilling was done according 
to manufacturer protocol.

In the study group, all the drilling and the 
implant were inserted through the metal sleeve 
of the stent .

 In control group, all the drilling was done 
while the stent is in place while the implant 
was inserted freehand (after the removal of the 
stent) .

After placement of the implant and delivery 
of the temporary restorations (partial dentures), 
antibiotics were prescribed Augmentin 1gm 
oral tablet twice daily for 5 days postoperatively 
(or clindamycin 300 mg in patients whom 
allergic to penicillin 3 times daily for 5 days 
postoperatively). 

Postoperative analgesia (NSAIDs) was 
prescribed for 3 days, and then whenever 
it’s needed for pain relief. The patient was 
instructed to rinse their mouth with antiseptic 
mouthwash (Chlorohexidine) 3 times a day 
starting from the second day postoperatively 
and continued for 2 successive weeks.

CBCT of the implants site were accomplished 
immediate postoperatively to verify the position 
of the implant and for comparison between the 
virtual CBCT and actual postoperative CBCT 

.

All subjects were evaluated based on the 
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following timeline; one-week recall, all subjects 
were recalled checking for the presence of 
infection, to evaluate the oral hygiene of the 
subjects, and to remove the sutures, then 
one month postoperatively, to evaluate the 
overall healing process and radiographically 
by peri-apical radiographs. Also, to prevent 
any complications that could occur and to 
control the subjects overall oral hygiene and 
to evaluate the prosthesis. Finally, at 3 months 
postoperatively, for stage 2 uncovering surgery 
and steps for construction of the final prosthesis 
were accomplished at this stage.

Immediate Postoperative CBCT scans were 
obtained to compare the implant position 
with the pre-operative implant planning using 
a measurement program, in which both the 
planned implant and the actual implant were 
superimposed on each other to evaluate the 
3-D dimensional deviations in both groups 
and the following were recorded:

1. The superior-inferior dimension

2. The bucco-lingual dimension (at the neck 
and apex of the implant)

3. The mesio-distal dimension (at the neck 
and apex of the implant)

4. The angle between the axis of both 
planned and actual implants
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The present study was conducted on 3 
patients; 2 males (66.7%) and one female 
(33.3%). The mean and standard deviation 
values for age were 47  7 years with a 
minimum of 40 years and a maximum of 53 
years.

The mean angular deviation of the 
completely limiting design was 2.86° while 
the mean angular deviation for the partially 
limiting design was 4.26°. 8 

There was no statistically significant 
difference between degree differences of 
completely and partially guided designs 
( -value = 0.463, Effect size = 0.300).

Degree 
difference

Completely 
guided

Partially 
guided -value

Effect 
size 

Mean (SD) 2.86 (2.1) 4.26 
(2.83)

0.463 0.300
Median 
(Range)

2.48 (1 – 
6.82)

4.44 (0 
– 7.83)
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The mean total coronal deviation for the completely limiting design was 1.6mm, with the Dx 
was 0.64mm, Dy was 0.48mm and Dz 1.25mm. The mean total coronal deviation for the partially 
limiting design was 1.75mm, with the Dx was 0.61mm, Dy was 0.71mm and Dz 1.42mm.

As regards total coronal difference; there was no statistically significant difference between 
completely and partially guided designs ( -value = 0.463, Effect size = 0.300).

In Dimension x (Dx); there was no statistically significant difference between completely and 
partially guided designs ( -value = 0.917, Effect size = 0.043).

In Dimension y (Dy); there was no statistically significant difference between completely and 
partially guided designs ( -value = 0.249, Effect size = 0.471).

In Dimension z (Dz); there was no statistically significant difference between completely and 
partially guided designs ( -value = 0.345, Effect size = 0.385).

Coronal difference Completely guided Partially guided -value Effect size 

Total
Mean (SD) 1.6 (0.48) 1.75 (0.75)

0.463 0.300
Median (Range) 1.62 (0.98 – 2.11) 1.57 (1.02 – 2.95)

Dx
Mean (SD) 0.64 (0.41) 0.61 (0.41)

0.917 0.043
Median (Range) 0.58 (0.21 – 1.3) 0.51 (0.26 – 1.41)

Dy
Mean (SD) 0.48 (0.33) 0.71 (0.61)

0.249 0.471
Median (Range) 0.51 (0.03 – 0.87) 0.51 (0.12 – 1.74)

Dz
Mean (SD) 1.25 (0.64) 1.42 (0.48)

0.345 0.385
Median (Range) 1.37 (0.28 – 1.84) 1.44 (0.9 – 1.92)
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The mean total apical deviation for the completely limiting design was 1.71mm, with the Dx 
was 0.73mm, Dy was 0.68mm and Dz 1.25mm. The mean total coronal deviation for the partially 
limiting design was 1.73mm, with the Dx was 0.36mm, Dy was 0.85mm and Dz 1.38mm.

As regards total apical difference; there was no statistically significant difference between 
completely and partially guided designs ( -value = 0.917, Effect size = 0.043).

In Dimension x (Dx); there was no statistically significant difference between completely and 
partially guided designs ( -value = 0.116, Effect size = 0.642).

In Dimension y (Dy); there was no statistically significant difference between completely and 
partially guided designs ( -value = 0.753, Effect size = 0.128).

In Dimension z (Dz); there was no statistically significant difference between completely and 
partially guided designs ( -value = 0.463, Effect size = 0.300).

Apical difference Completely guided Partially guided -value Effect size 

Total
Mean (SD) 1.71 (0.52) 1.73 (0.79)

0.917 0.043
Median (Range) 1.72 (1.06 – 2.26) 1.49 (0.99 – 2.97)

Dx
Mean (SD) 0.73 (0.23) 0.36 (0.26)

0.116 0.642
Median (Range) 0.64 (0.52 – 1.03) 0.37 (0.03 – 0.64)

Dy
Mean (SD) 0.68 (0.49) 0.85 (0.74)

0.753 0.128
Median (Range) 0.75 (0.03 – 1.36) 0.53 (0.34 – 2.24)

Dz
Mean (SD) 1.25 (0.65) 1.38 (0.52)

0.463 0.300
Median (Range) 1.38 (0.24 – 1.83) 1.35 (0.83 – 1.92)
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According to Jacob et al15 and Siessegger et 
al16 the use of Computed tomography is useful 
for implant planning especially in situations 
where there are anatomical limitations, 
insufficient bone dimensions or questionable 
bone density. Jacob et al17 concluded that 
using CT imaging improves for the correlation 
of both implant planning and placement when 
compared to other radiographic techniques.  
In our study, CBCT was used preoperative to 
measure the bone dimensions, inferior alveolar 
nerve canal approximation and designing of 
the stereolithographic surgical guide. CBCT 
was also used for the comparison between the 
actual and virtual planned implant position 
both coronally and apically in 3-D and angular 
differences.

Verstreken et al18 explained that the since the 
introduction of computer aided manufacturing 
(CAM) of anatomical models and using 
computer aided design (CAD) to produce 
surgical guides, the accuracy of transferring 
the surgical plan intraoperatively has been 
enhanced. The utilization of the 3D image of 
the patient’s anatomy allowed for fabrication 
of both anatomical models and surgical guides. 
Giacomo et al19 and Jacob P20 explained that 
rapid prototyping using stereolithographic 
modeling, which is fast and accurate computer 
aided manufacturing (CAM) technique is 
used to produce prototypes in many fields 
of manufacturing. Heissler et al21, Bianchi et 
al22 and Marchack CB23 added that using the 
stereolithographic modeling is used in the 
planning of dental implants and their insertion, 
planning sinus elevation, planning preoperative 
preparation for reconstruction surgeries and 
designing soft tissue facial prosthesis. In the 
present study, the surgical guide was divided 
into two types partial versus complete limiting 
designs that were used in the study control and 
study groups respectively.

Behneke et al23 emphasized that bone 
supported surgical guides feature less accuracy 

errors in comparison to mucosa supported 
surgical guides primarly due to lack of distance 
between sleeves and osteotomy but require 
open flap approach. In the current study flap 
was opened and surgical guide was bone 
supported to reduce the potential errors that 
may result from mucosa supported surgical 
guides as Behneke emphasized. 

Cassetta el al24 explained that completely 
guided stereolithographic surgical guides 
show lower accuracy errors when compared 
to partially limiting designs. The completely 
guided protocol is more affected by the 
diameter and length of the sleeves and the 
distance between the surgical guide and the 
alveolar crest. Choi et al25 added that the 
longer the sleeves the less angular deviation 
and the shorter the implants the less the apical 
deviation. 

Park et al26 concluded that completely 
guided protocols are more accurate than 
free hand placement of implants. Kuhl el al27 
concluded that both completely and partially 
limiting designs of stereolithographic surgical 
guides produce similar accuracy results, 
but completely guided designs showed less 
variation. In our study the completely limiting 
design was slightly more accurate than partially 
limiting designs but not statistically significant. 
The mean angular deviation of the completely 
limiting design was 2.86° while the mean 
angular deviation for the partially limiting design 
was 4.26°. 8 The mean total coronal deviation 
for the completely limiting design was 1.6mm, 
with the Dx was 0.64mm, Dy was 0.48mm 
and Dz 1.25mm. The mean total coronal 
deviation for the partially limiting design was 
1.75mm, with the Dx was 0.61mm, Dy was 
0.71mm and Dz 1.42mm. The mean total 
apical deviation for the completely limiting 
design was 1.71mm, with the Dx was 0.73mm, 
Dy was 0.68mm and Dz 1.25mm. The mean 
total coronal deviation for the partially limiting 
design was 1.73mm, with the Dx was 0.36mm, 
Dy was 0.85mm and Dz 1.38mm.

Mora et al28 mentioned that the accuracy of 
guided surgery is reported within 0.4-1.6mm 
or 3° to 5° and usually measuring the deviation 
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between the proposed and actual implant 
position in three dimensions. In our study we 
measured both the angular deviation and the 
linear deviation both coronally and apically as 
Dx (buccolingual deviation), Dy (mesiodistal 
deviation) and Dz (apicocoronal deviation). 

Another in vitro study by Sarament et al29 
was performed using 50 implants in 5 resin 
mandibular models. Each model received 
5 implants on each side. One side using 
conventional surgical guide and the other side 
using stereolithographic surgical guide. The 
coronal deviation on the conventional side 
was 1.5+_0.7mm and the apical deviation 
was 2.1+_0.97mm, whereas in the side of 
stereolithographic surgical side the coronal 
deviation was 0.9+_0.5mm and the apical 
deviation was1.0+_0.6mm. The conclusion 
was that there was clinical significance that was 
evident that stereolithographic guides are more 
accurate than conventional surgical guides. In 
the current study we used split mouth study 
with both the completely and partially limiting 
designs using stereolithographic surgical guide.

Tahmaseb et al30 conducted a systematic 
review including only clinical studies, 
excluding any in vitro study or any study done 
on cadavers. The mean coronal horizontal 
deviation was 1.2 mm, CI: 95% [1.04–1.44] 
and the mean coronal vertical (height) 

mm]. The mean apical horizontal deviation 
was 1.4 mm, CI:95% [1.28–1.58] and the 
mean apical vertical (height) deviation was 0.5 

deviation was 3.5° CI: 95% [3.00°–3.96°]. 
In our study the results were close to the 
results obtained in the systematic review by 
Tahmaseb et al. The mean angular deviation of 
the completely limiting design was 2.86° while 
the mean angular deviation for the partially 
limiting design was 4.26°. 8 The mean total 
coronal deviation for the completely limiting 
design was 1.6mm, with the Dx was 0.64mm, 
Dy was 0.48mm and Dz 1.25mm. The mean 
total coronal deviation for the partially limiting 
design was 1.75mm, with the Dx was 0.61mm, 
Dy was 0.71mm and Dz 1.42mm. The mean 
total apical deviation for the completely limiting 

design was 1.71mm, with the Dx was 0.73mm, 
Dy was 0.68mm and Dz 1.25mm. The mean 
total coronal deviation for the partially limiting 
design was 1.73mm, with the Dx was 0.36mm, 
Dy was 0.85mm and Dz 1.38mm.

Despite the mean deviation is clinically 
acceptable, some studies reported higher 
deviations. Verhamme et al31 and Verhamme 
et al32 reported vertical coronal deviation of 
7.8mm and vertical apical deviation of 8.7mm.  
Verhamme et al33, Verhamme et al31 and 
Verhamme et al153 reported vertical coronal 
deviation of 4.0mm and 4.2 mm and apical 
deviation of 3.6mm and 4.3mm. The authors 
mentioned that these implants were placed in 
edentulous maxilla and implants were placed 
too superficial. In our study we decided to 
conduct the whole study on the posterior 
mandible to avoid discrepancies between both 
maxilla and mandible in terms on bone quality 
which may affect the results. The mandible 
was chosen for conducting this study due to 
superior bone quality, therefore avoiding an 
additional parameter affecting accuracy when 
comparing the partial versus complete limiting 
designs.

The accuracy of completely limiting design 
is slightly more accurate than partially limiting 
designs, especially in implant angulation, 
despite not statistically significant. 

Virtual implant planning and guided surgery 
is recommended to reproduce the proposed 
preoperative plan intraoperatively, but a 
learning curve is required to produce the most 
accurate results as a number of contributing 
factors may result in discrepancies between 
virtual plan and the actual implant position, 
jeopardizing the final result.
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