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ABSTRACT
Background: Accuracy of implant placement using computer designed surgical guides as 

compared to conventional laboratory-processed guides has been investigated by many researchers. 
However there are no published articles on the effect of placing dental implants using computer-
designed guides on bone height changes around the implants as compared to those placed using 
conventional guides.  

Purpose: The aim of this study was to compare between bone height changes around dental 
implants placed using stereolithographic surgical guides versus conventional guides in completely 
edentulous patients rehabilitated with 2-implant supported mandibular overdentures opposed by 
conventional maxillary complete dentures.

Methods: This parallel randomized controlled trial (RCT) included 14 participants (age ranging 
from 50-60) with a mean age of 56.7 years who were selected based on specific inclusion criteria. 
Conventional maxillary and mandibular compete dentures were constructed for all participants who 
were then randomly divided into two equal groups (7 participants in each). All participants received 
two implants, 3.5 mm in width and 10 mm in length, in the mandibular inter-foraminal areas 
(canine region). However implants in Group I (Control) were placed using a conventional surgical 
guide while implants in Group II (Experimental Group) were placed using a stereolithographic 
surgical guide. After implants’ osseointegration, all participants received ball attachment- retained 
mandibular overdentures. Bone height changes around the installed implants were evaluated with 
the aid of cone beam computed tomography (CBCT) scans. Measurements were recorded three 
times at 0 months, 6 months and 12 months after overdenture insertion and the changes were 
calculated and statistically analysed. Statistical significance was set at 5 %.

Results: All participants attended all follow up visits with no drop outs. None of the implants 
was lost presenting a 100% survival rate for both groups. After 6 months post-insertion, the mean 
bone loss was 0.32mm and 0.31mm for groups I and II respectively. After 12 months post- insertion, 
mean bone loss reached 0.61mm and 0.49mm for groups I and II respectively. There were no 
statistically significant differences between the two groups at both (6 and 12 months) follow-up 
periods. 

Conclusion: Bone height changes around implants placed with stereolithographic surgical 
guides versus conventional guides were statistically insignificant with no relevant superiority of 
one guide over the other. Both surgical guides provided clinically successful implant treatment with 
a 100% survival rate for both groups during the one-year follow-up period. 
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INTRODUCTION 

Effective implant placement does not only 
necessitate the achievement of successful 
osseointegration of dental implants, but it should also 
account for anatomic limitations and the restorative 
goals and demands. This encouraged clinicians to 
seek precise planning and accurate “prosthetically-
driven” positioning of implants to be able to 
achieve aesthetic and functional implant-supported 
restorations.1,2 The standard protocol for dental 
implant diagnosis and treatment planning combines 
a radiographic template with cone beam computed 
tomography (CBCT) as a non-invasive and precise 
surveying technique.3-5 After accomplishing proper 
diagnosis and planning, the radiographic template is 
usually converted manually to a surgical template to 
be used for implant placement. Although this manual 
conversion of a radiographic template to a surgical 
one is considered reasonably effective, it still 
remains subjective, as the accuracy of the surgical 
template cannot be verified radiographically.2  

There has been a paradigm shift in implant 
treatment since the development of computer-
guided implant surgery, where visualization of CT 
scan images is achieved through computer software 
programs 6 that allow for 3-dimensional (3D) viewing 
and pre-surgical evaluation by the use of computer-
aided design (CAD) technology.7 These programs 
also allow the placement of virtual implants to 
further assist the clinician in predicting the size 
as well as the position of the implants before the 
surgery. 8 Despite that, transferring this sophisticated 
pre-operative planning precisely to the surgical field 
remains challenging. Several novel approaches have 
been developed to overcome this issue, including 
the use of computer- aided manufacturing (CAM) 
technology to fabricate anatomic models and 
osseous-supported surgical guides. Both, CT scan 
computer files and the clinician’s implant planning, 
are utilized by the computer software to design 
then fabricate surgical guides. Stereolithography 
(SLA) is one of the CAM technologies. It is a 
rapid prototyping polymerization process in which 

three-dimensional acrylic resin models and surgical 
guides that can intimately fit the osseous surface are 
fabricated by using a computer-guided laser beam 
which polymerizes a photosensitive liquid acrylic 
through a series of layers. Spaces for stainless steel 
drill-guiding tubes are designed in the hardened 
acrylic surgical guides, into which the metal 
cylinders are forced. The surgical guides would then 
be ready for clinical use. 9

Accuracy of implant placement using 
computer designed surgical guides as compared 
to conventional laboratory-processed guides has 
been investigated by many researchers.1,2,10-22 
Most of these studies revealed that more accurate 
surgical implant placement was achieved with the 
computer designed surgical guides and that this 
improvement was statistically significant. However 
to the best of the authors’ knowledge there are no 
published articles on the effect of placing dental 
implants using computer-designed guides on bone 
height changes around the implants as compared 
to those placed using conventional guides. Hence 
the aim of the study was to compare between bone 
height changes around dental implants placed 
using stereolithography surgical guides versus 
conventional guides. The null hypothesis was that 
there would be no significant difference between the 
two methods.

MATERIALS AND METHODS

Patient selection and Study design 

This study was a controlled parallel randomized 
controlled trial (RCT) to rehabilitate completely 
edentulous patients with mandibular overdentures 
supported by two implants placed with surgical 
guides that were constructed by two different 
methods. The study protocol was reviewed and 
approved by staff members of the Prosthodontic 
Department and Ethics Committee in the Faculty 
of Oral and Dental Medicine, Cairo University. 
14 patients (age ranging from 50-60) with a 
mean age of 56.7 years) were selected from the  
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out-patient clinic, Prosthodontic Department, 
Faculty of Oral and Dental Medicine based on the 
following inclusion criteria: Selected cases had 
completely edentulous maxillary and mandibular 
arches, Angle Class-I maxillo-mandibular 
relationship, sufficient bone quality and quantity, 
moderately developed residual ridge for implant 
placement that is covered by firm muco-periosteum. 
Edentulous condition of all patients fell within 
Class I and II cases based on the Prosthodontic 
Diagnostic Index (PDI) classification system for 
complete edentulism. 23 Exclusion criteria included 
patients with uncontrolled systemic diseases such 
as hypertension, diabetes, or immunodeficiency, 
systemic diseases that may affect bone metabolism 
such as osteoporosis, acute or active infection in 
the proposed implant areas, psychiatric or physical 
problems that could affect patient’s recall, past or 
present radiotherapy in the head and neck region 
as well as patients who are heavy smokers (>10 
cigarettes/day). Eligible patients were thoroughly 
informed about the nature of the research and those 
who were willing to commit to attend all follow up 
periods were allowed to participate after signing a 
written informed consent form.

Thorough medical and dental histories were 
taken for all selected participants.  Radiographic, 
extra and intra oral clinical examination were carried 
out. Participants were instructed to undergo certain 
laboratory investigations including blood glucose 
level, complete blood picture and liver function 
tests to evaluate their current medical status. 

Conventional maxillary and mandibular compete 
dentures were constructed for all participants 
following the standardized traditional protocol 
of the Department. They were then randomly 
divided into two equal groups (7 participants 
in each). Randomization was done by asking 
each participant to choose between two opaque 
envelopes, each representing one of two surgical 
guide types (conventional or stereolithographic). 
All participants received two implants (Legacy, 
Implant Direct LLC, Malibu Hills, CA 91301-

USA), 3.5 mm in width and 10 mm in length, in the 
mandibular inter-foraminal areas (canine region) 
following the flapless surgical protocol. However 
implants in Group I (Control) were placed using 
a conventional surgical guide while implants in 
Group II (Experimental Group) were placed using 
a stereolithographic surgical guide. After implants’ 
osseointegration, all participants received ball 
attachment- retained mandibular overdentures.

Radiographic Template construction and Radio-
graphic Examination

The mandibular denture of all participants was 
duplicated into clear acrylic resin to construct a 
radiographic template. It was checked intra-orally 
for stability and fitness. Any pressure areas were 
relieved to allow for its complete seating. Cone beam 
computed tomography (CBCT) was then carried-
out while the patient was wearing the radiographic 
template and biting on cotton rolls. The maxillary 
denture was utilized to stabilize the radiographic 
template. 

Surgical guide construction

For Group (I), the radiographic templates were 
modified to be used as surgical guides. U-shaped 
notches were made in the surgical stent at the 
proposed implants sites. 

For Group (II),   Virtual implant planning was 
carried out and a CAD/CAM surgical guide was 
constructed as follows: CBCT image was obtained 
in digital Imaging and Communications in Medicine 
(DICOM) format. CBCT-based virtual implant and 
surgical planning was made using the Blue Sky Plan 
software program (Blue Sky Plan version 2.19, Blue 
Sky Bio) CBCT images in (DICOM) format were 
fed to the software. The proposed implant sites were 
identified by the radiolucent channels, previously 
prepared in the radiographic templates, and then 
evaluated for sufficient bone height and sufficient 
buccolingual width. The implants were virtually 
placed in the mandibular canine areas bilaterally 
following the anatomic and prosthetic guidelines and 
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parallelism between them was evaluated. Whenever 
the implants’ positions were accepted; the surgical 
guide with two channels was designed.  Those two 
channels were considered to receive prefabricated 
metallic sleeves as a guide for implant installation.  
Three holes were made on the facial surface of the 
virtual surgical guide, one in the midline and two 
at the first molar regions bilaterally, to allow the 
insertion of fixation screws that served to stabilize 
the surgical guide during surgery (Fig. 1). The 
virtual implant plan was then saved as a “.STL” file 
and sent to the lab for fabrication and printing of the 
surgical guide using the stereolithographic (SLA) 
rapid prototyping machine (Fig.2).

Once hardened, the polymeric prototype 
contains holes for metallic sleeves or drill-guiding 
tubes. These sleeves precisely guide the osteotomy 
drills, precluding the need for the pilot drills. These 
sleeves with specific dimensions were fitted through 
and seated into position in the surgical guide. They 
are provided by the simple guide Dentis system 
(DENTIS Co., LTD6 Center point Dr. La Palma, 
CA 90623, USA) to fit all implant drills (as they all 
have the same common shank size till bone contact 
level).

Surgical and Implant installation Procedures

For Group (I): 

The conventional surgical guide was inserted 
into the patient’s mouth, evaluated for stabilization 
and patient comfort. Bilateral field block local 
anesthesia (4% articaine) was applied; then the 
implant positions were marked through the surgical 
guide with the aid of an explorer. A tissue punch 
was utilized to remove the mucosa covering the 
residual ridge at the proposed implants’ sites. The 
surgical guide was re-inserted into the patient’s 
mouth, and then subsequent drilling was made under 
copious irrigation. Implants were installed in their 
corresponding beds; primary stability of implants 
and their parallelism were verified. Covering screws 
were then threaded into the implants. 

For Group (II):

The stereolithographic template was inserted 
in the patient’s mouth. The maxillary complete 
denture was inserted and seated in place. The patient 
was then asked to bite on cotton rolls to stabilize 
the surgical guide. Under copious irrigation, an 
anchoring twist drill was used to drill into the bone 
through the holes that were prepared in the surgical 
guide for the fixation screws. 

After anchoring the guide with all three fixation 
screws (Fig. 3), the patient was instructed to remove 
the maxillary denture. The surgical guide was then 
checked for adaptation and stability. Osteotomy was 
performed initially using four sequential drills of 
the simple guide from Dentis (DENTIS Co., LTD6 

Fig. (1) The virtual surgical guide with channels for future 
implants and fixation screws

Fig. (2) The printed stereolithographic surgical guide
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Center point Dr. La Palma, CA 90623, USA). A 
cortical drill was utilized at first, then a drill of a 
2.3 mm diameter and 8 mm length was used to drill 
the initial pathway in an up and down motion. Then 
a drill of 2.3 mm diameter and full length of the 
proposed implant was then used to continue drilling 
through the bone. Finally the final drill of the simple 
guide with 2.8 mm diameter and 10 mm length was 
used.

The fixation screws were un-tightened and the 
surgical guide was removed. The final drill from 
the Neobiotech surgical kit (Neobiotech Co. LTD, 
Seoul Korea) corresponding to the implant was used 
free hand to complete the shaping of the osteotomy 
site. Initially the implant was installed through the 
osteotomy manually then installation was continued 
using a ratchet until the top of the implant flushed 
with the bone surface. After complete installation, 
the covering screws were inserted and threaded onto 
the implants. 

Post- operative care and ball- attachment 
installation 

All participants were instructed not to wear their 
mandibular dentures for the next 48 hours and use 
antiseptic mouthwash (Antiseptol- El Nil) 2-3 times 
daily for three successive days. Cold soft diet was 
recommended. Antibiotic Augmentin (Augmentin 

1g- Beecham MUP) 1gm was prescribed every 12 
hours for the following five days. Brufen 600 mg 
(Ibuprofen, Knoll, Ludwigshafen, Germany) was 
prescribed as an analgesic and anti-inflammatory 
every 8 hours. Participants were instructed to recall 
the next day for check-up.

Three to four months later, participants were 
recalled to verify osseointegration. Once verified, 
participants were ready for second stage surgery. 
The surgical guide was used to locate the positions 
of the implants. Implants were exposed with a 
small crestal incision. A screw driver was used to 
unscrew the covering screws and Ball attachments 
(Ball abutment with collar height 1.6 mm, Zimmer 
dental, USA) were installed onto the implant fixtures  
(Fig. 4).  

After one week and after complete healing 
of the soft tissues around the implants, the metal 
housings of the attachments with their caps were 
placed over the attachment balls for the direct pick- 
up procedure. The fitting surface of the mandibular 
denture was sufficiently relieved to accommodate 
the attachment assembly. Two small holes were 
created in the lingual surface to allow for the escape 
of any excess resin. The relieved areas were filled 
with self-cure acrylic resin in the dough stage and the 
denture was re-inserted until complete and proper 

Fig. (3) The surgical guide after being stabilized by the fixation 
screws

Fig. (4)  The ball attachments screwed on to the corresonding 
implants.
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seating was achieved. The patient was then guided 
to occlude into centric occlusion. After complete 
polymerization of the resin, the mandibular denture 
was removed (with the picked-up housings and 
caps). Any excess resin was removed, and the 
denture was adjusted to assure a comfortable and 
accurate fit. Dentures were then delivered to the 
participants who were instructed to follow strict oral 
and denture hygiene measures.

Recall visits and Bone height measurements 

For all participants, bone height changes around 
the installed implants were evaluated with the aid of 
CBCT scans. Mesial and distal crestal bone levels 
were calculated from the reconstructed corrected 
sagittal views by drawing a line parallel to the 
implant serrations extending from the crestal bone 
to the apical end of the implant. Each measurement 
was made three times then an average was 
calculated. Measurements were recorded at three 
occasions: at 0 months, 6 months and 12 months 
after overdenture insertion and the changes were 
calculated. During each recall visit, the oral and 
denture hygiene were assessed and re-emphasized 
upon to ensure the compliance of the participants to 
the hygiene instructions given.

Statistical analysis

Data was statistically analyzed using SPSS 
software (SPSS 20.0; IBM Inc.) and presented as 
means and standard deviations. Data distribution 

was tested for normality with the Kolmigorov-
Smirnov test and found to be normally distributed. 
A paired t-test was conducted to detect any side 
(right and left) or site (mesial and distal) differences. 
No statistically significant differences were found 
between right and left implants and between the 
mesial and distal sides of each implant, so they were 
grouped for further analysis. A student t test was 
then performed to compare bone height changes 
between the two groups. Statistical significance was 
set at 5%.

RESULTS

All participants attended all follow up visits 
with no drop outs. During the 12-months follow-up 
period, none of the implants was lost presenting a 
100% survival rate for both groups. All participants 
maintained respectable oral and denture hygiene 
levels. 

Mean bone height changes in both groups after 
6 and 12 months follow-up are displayed in Table 
1. After 6 months post-insertion, the mean bone 
height decreased in both groups by 0.32mm and 
0.31mm for groups I and II respectively showing 
statistically insignificant differences between the 
two groups. At the end of the follow-up period 
(after 12 months post- insertion), mean bone height 
changes reached 0.61mm and 0.49mm for groups 
I and II respectively. Despite that the decrease in 
bone height was clearly greater in group I, yet this 
difference remained statistically insignificant. 

Table (1) Mean bone height changes (in mm) in both groups after 6 and 12months follow-up

Follow-up period

Group I
Conventional Guide 

Group II
Stereolithographic guide

P-value
Mean ± SD Mean ± SD

0- 6 months 0.32 ± 0.14 0.31 ± 0.10 0.885

0-12 months 0.61 ± 0.17 0.49 ± 0.13 0.197
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DISCUSSION

The results of the current study accept the null 
hypotheses as there were no significant differences 
between bone height changes around implants 
placed using a computer guided stereolithographic 
surgical guide as compared with those placed using 
a conventional surgical guide.

It has been reported in the dental literature that 
bone loss around implants could be influenced by 
patient related factors such as age, gender, opposing 
occlusion, oral hygiene, medical conditions that 
compromise wound healing, smoking, arch in which 
the implants will be installed 24- 28, as well as, implant 
related factors such as implant design, implant size, 
location of implant placement and implant loading 
protocols. 25, 29, 30 Hence to ensure reliable and valid 
results, it was necessary to eliminate the influence 
of these variables on the study’s outcome to assert 
as much as possible that the results obtained are 
solely and only due to the type of the surgical 
guide used. Therefore to eliminate the influence of 
implant related factors, the design, diameter, length 
and location of all implants were standardized in 
the current study, and the same traditional delayed 
loading protocol was followed in all cases. Due 
to the nature of the research however, it was not 
possible to conduct the comparison on the same 
patient, but the authors tried to control and restrict 
as much as possible the influence of patient-
related factors on the results by following specific 
inclusion criteria. All participants were completely 
edentulous, they all wore complete dentures as the 
opposing occlusion, and all mandibular ridges lied 
within Class I and II categories based on the PDI 
index to ensure comparable bone quantity in all 
cases. All participants were relatively healthy and 
heavy smokers or those with uncontrolled systemic 
diseases or diseases that may affect bone metabolism 
were excluded. All implants were placed in the 
mandibular arch and in the intra-foraminal area 
(canine regions).  All participants were of the same 

age group however the convenient study sample 
included males and females as it was very difficult 
to standardize the gender of the participants with all 
other aforementioned inclusion criteria. This could 
be considered as a limitation of the current study.   

Before discussing the results in detail it is worth 
mentioning that none of the implants were lost 
with a 100% survival rate indicating an equally 
comparable success rate for both groups in this 
aspect. Furthermore, the mean marginal bone loss 
recorded at the end of the one year follow-up for 
both groups did not exceed 0.7mm. This could be 
considered an exceptional outcome when compared 
to the “first-year 1.2 – 1.5mm” average bone loss that 
has been reported for successful standard implants.31, 

32 Such finding could be attributed to several factors 
such as proper patient selection, compliance of the 
participants to the strict oral hygiene measures, 
as well as, restricting the opposing occlusion to 
complete dentures. Bone loss results in the current 
study do in fact coincide with those reported by Ma 
and Payne 33 who conducted a systematic review 
to critically evaluate the marginal bone loss in 
mandibular two-implant overdenture cases opposed 
by conventional complete maxillary dentures. They 
reported a first-year mean bone loss range of 0.2 to 
0.7 mm for two stage loading protocols. As obvious 
from the results, mean bone loss values recorded in 
the current study lie within their reported range. 

In-depth analysis of the results revealed that 
the mean bone loss was always greater in the 
conventional guide group when compared with the 
stereolithographic guide group with a one-year mean 
bone loss of 0.62 mm and 0.49 mm respectively. 
Direct comparison with other clinical studies was 
unfortunately not possible because as mentioned 
earlier, numerous studies compared between 
CAD/CAM surgical guides with conventional 
ones in terms of accuracy of implant placement, 1, 

2, 10- 22 however there are no published studies that 
compared between the two guide types in terms of 
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bone loss. Most of these studies reported that the 
CAD/CAM surgical guides were more accurate and 
improved implant placement significantly. In their 
study, Sarment et al 1 measured the angles formed 
between virtually planned implants and the actual 
implant osteotomies and found that the conventional 
guide resulted in an 8 degree deviation while the 
stereolithographic guide resulted in only 4.5 degree 
deviation.  The average distance between the planned 
implant and the actual osteotomy was 1.5 mm 0.9 
mm for the conventional and stereolithographic 
guides respectively at the implant head, and 2.1 mm 
and 1mm for the conventional and stereolithographic 
guides respectively at the apex. Similar findings 
were observed in an earlier study conducted by 
Ersoy et al 10, who reported an angular deviation of 
4.9 degrees for stereolithographic surgical guides, 
and a mean linear deviation of 1.22 mm at the 
implant neck and 1.51 mm at the implant apex. They 
concluded that stereolithographic surgical guides 
are considerably reliable in implant placement. 
Taking into consideration that all other variables 
were standardized and controlled, such findings 
may imply that there could be a correlation between 
the accuracy of implant placement and bone height 
changes around implants. A suggested explanation 
to the findings of the current study could be that the 
stereolithographic surgical guides did indeed lead to 
more accurate implant placement which may have 
in turn helped in minimizing the non-axial forces 
falling on the implants and the prostheses. This 
consequently decreased the mechanical overload of 
the surrounding bone tissue hence resulting in less 
bone loss. However this still remains an assumption 
and such correlation has yet to be validated by 
scientific research.

It is only fair to say that despite that the mean 
bone loss was greater in the conventional guide 
group, yet the difference between the two surgical 
guides remained statistically insignificant. This 
statistically insignificant difference, in addition 
to the recorded mean bone loss values that lied 

within the clinically acceptable range for both 
groups as mentioned earlier imply that, within 
this given one-year time frame, both conventional 
and stereolithographic surgical guides resulted in 
“clinically successful” implant treatment. Hence 
the superiority of computer-guided surgical 
guides over conventional ones cannot be proved 
to be clinically relevant when treating completely 
edentulous patients with two-implant supported 
mandibular overdentures opposed by conventional 
maxillary complete dentures. Such finding could 
be particularly favourable for such patients since 
it would certainly eliminate the additional costs of 
the CAD/CAM processing procedures.  Somehow it 
could be considered favourable for some clinicians 
as well, because with no doubt such technology 
requires a skilfull clinician that does not only 
possess, but also be knowledgeable and experienced 
with these specialized computer software programs. 
That explains why some researchers recommend 
the use of computer guided surgical guides only 
for patients in whom simultaneous placement of 
multiple implants and complex restorations make 
additional planning and expenses necessary. 1

Could the results have been statistically 
different in partially edentulous cases or completely 
edentulous cases where multiple implants are to 
be placed? This remains an un-answered question 
that could be a trigger for future research. Hence, 
future researches with a larger sample size, different 
prosthetic options and a more prolonged follow-
up period are recommended for more definitive 
conclusions.

CONCLUSION

Within the limitations of the current study 
and within the given one-year time frame and 
edentulous condition, it could be concluded that 
bone height changes around implants placed 
with stereolithographic surgical guides versus 
conventional guides were statistically insignificant 
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with no relevant superiority of one guide over the 
other. Both surgical guides provided clinically 
successful implant treatment with a 100% survival 
rate for both groups.
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