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Objectives:
The aims of this study were to evaluate the effect of (i) different surgical guide designs and (ii) implant

placement location on the 3D accuracy of guided implant placement in single edentulous sites. The null
hypotheses of this study were that in fully guided implant surgery, there is no difference in the angle and

3D offset at the base and tip using different surgical guide 86 designs and in different implant locations.

Project Results:

All implants were placed uneventfully. The overall mean and standard deviation angle were 2.91
+1.48,2.86 £ 1.33, and 2.54 + 1.11° for groups 1, 2, and 3, respectively. The overall mean and standard
deviation for 3D offset at base were 0.63 £ 0.21, 0.55 + 0.22, and 0.48 + 0.18 mm for groups 1, 2 and 3,
respectively. The overall mean and standard deviation for 3D offset at tip were 1.08 + 0.44, 1.01 + 0.44,
and 0.85 + 0.33 mm for groups 1, 2 and 3, respectively.

Table 1 presents the results of the angular deviation by group and subgroup. In the analyses of
simple main effects, there was a statistically significant difference between the groups for implants #4,
#7, and #14 (p<0.05), but not for implant #9 (p=0.238). Post-hoc tests showed a statistically significantly
higher deviation for group 2 compared to group 3 for implants #4 (p=0.016) and #7 (p<0.001) and
statistically significantly higher deviation for group 3 compared to group 2 for implant #14 (p=0.025).

There was also a statistically significantly higher level of deviation for group 1 compared to group 3 for
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implant #7 (p=0.005). The within-group comparisons of angular deviations between the different implants
demonstrated no statistically significant difference in group 1. For group 2, there was a statistically
significant difference between the implants (p<0.001). Post-hoc tests showed a statistically significant
difference between implants #4 and #9 (p=0.0079) and #7 and #9 (p=0.003). For group 3, there was a
statistically significant difference between the implants (p<0.001). Post-hoc tests showed a statistically
significant difference between implants #4 and #9 (p<0.001), #4 and #14 (p=0.001), #7 and #9 (p=0.003),

and #7 and #14 (p<0.001).

Table 1. Results for the angle deviation (in degrees; n=15 per group)

Group

FASG SSG FASGC p*

Implant  Mean £SD Min  Max Mean+SD Min Max MeanSD Min  Max

4 3.00+1.68 030 630 3.27+x1.09 100 5.00 201+046 130 3.10 0.015%
7 335+1.28 120 510 3.79+140 140 7.20 184+1.04 050 4.00 <0.001%
9 279+162 110 590 219+£0.73 050 3.70 2.77+055 192 3.60 0.238

14 251+133 080 540 223+134 030 520 3.53+1.28 1.08 6.10 0.024§

* P-values corresponding to between-group analysis.

t In the post-hoc tests, there was a statistically significant difference between groups 2 and 3 (p=0.016).
 In the post-hoc tests, there were statistically significant differences between groups 2 and 3 (p<0.001)
and between groups 1 and 3 (p=0.005).

§ In the post-hoc tests, there was a statistically significant difference between groups 2 and 3 (p=0.025).
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Regarding the 3D offset at the base, Table 2 provides the results by group and subgroup. In the

analyses of the simple main effects, there was a statistically significant difference between groups for

implants #4, #7, and #9 (p<0.05), but not for implant #14 (p=0.122). Post-hoc tests demonstrated a

statistically significant difference between groups 2 and 3 for implant #4 (p=0.014) and #7 (p<0.001), with

higher levels of deviation for group 2 compared to group 3. There was also a statistically significantly

higher level of deviation for group 1 compared to group 2 for implant #9 (p=0.011). The within-group

comparisons of 3D offset at the base between different implants demonstrated no statistically significant

difference for group 1 (p=0.503). For group 2, there was a statistically significant difference between the

implants (p<0.001). Post-hoc tests showed a statistically significant difference between implants #4 and

#9 (p<0.001), #4 and #14 (p=0.0079), and #7 and #9 (p=0.001). For group 3, there was a statistically

significant difference between the implants (p=0.002). Post-hoc tests showed a statistically significant

difference between implants #7 and #14 (p=0.005).

Table 2. Results for the 3D offset at base (in mm; n=15 per group)

1 2
Group
FASG SSG FASGC p*
Implant  Mean + SD Min Max Mean + SD Min Max Mean+SD Min  Max
4 060+0.23 030 108 066+0.20 031 103 0.45+0.15 0.21 0.76 0.015t
7 066+0.14 036 089 066+0.22 033 118 0.37+£0.15 0.13 0.59 <0.001%
9 0.67+019 035 093 043+0.18 0.09 085 051+0.13 0.31 0.72 0.001%§
14 060+0.26 0.20 121 046+0.16 0.25 083 0.60+0.19 0.29 1.10 0.122

* P-values corresponding to between-group analysis.

t In the post-hoc tests, there was a statistically significant difference between groups 2 and 3 (p=0.014).
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T In the post-hoc tests, there were statistically significant differences between groups 2 and 3 (p<0.001)
and between groups 1 and 3 (p<0.001).
§ In the post-hoc tests, there were statistically significant differences between groups 1 and 2 (p=0.001)
and between groups 1 and 3 (p=0.038).

Table 3 shows the results for the 3D offset at the tip by group and subgroup. In the analyses of
the simple main effects, there was a statistically significant difference between groups for implants #4,
#7, and #9 (p<0.05), but not for implant #14 (p=0.106). Post-hoc tests demonstrated a statistically
significant difference between groups 2 and 3 for implant #4 (p=0.015) and #7 (p<0.001), with higher
levels of deviation for group 2 compared to group 3. There was also a statistically significantly higher level
of deviation for group 1 compared to group 2 for implants #7 (p<0.001) and #9 (p=0.011). The within-
group comparisons of 3D offset at the tip between different implants demonstrated no statistically
significant difference in group 1 (p=0.377). For group 2, there was a statistically significant difference
between the implants (p<0.001). Post-hoc tests showed a statistically significant difference between
implants #4 and #9 (p<0.001) and #7 and #9 (p=0.001). For group 3, there was a statistically significant
difference between the implants (p<0.001). Post-hoc tests showed a statistically significant difference
between implants #4 and #14 (p=0.002), #7 and #9 (p<0.001), and #7 and #14 (p<0.001).

Table 3. Results for 3D offset at tip (in mm; n=15 per group)

1 2 3
Group
FASG SSG FASGC p*
Implant  Mean £ SD Min Max Mean+SD Min Max Mean £ SD Min Max
4 1.06+0.55 0.17 2.14 1.19+038 052 181 0.77+0.16 0.51 1.02 0.017+
7 1.19+0.33 048 1.66 1.29+0.47 055 242 055+0.29 0.11 1.15 <0.001%
9 1.11+0.44 059 1.78 0.76+£0.28 031 139 094+0.16 068 1.13 0.015%&
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14 096+0.44 046 1.83 0.81+0.40 0.25 172 1.13+0.35 0.62 1.76 0.106

* P-values corresponding to between-group analysis.

t In the post-hoc tests, there was a statistically significant difference between groups 2 and 3 (p=0.015).
T In the post-hoc tests, there were statistically significant differences between groups 2 and 3 (p<0.001)
and between groups 1 and 3 (p<0.001).

§ In the post-hoc tests, there was a statistically significant difference between groups 1 and 2 (p=0.011).

In conclusion, all surgical guide designs presented satisfactory performance with clinically
acceptable levels of implant deviation. Full-arch surgical guides with crossbars presented higher accuracy
when two or more guided implants were placed. In single-edentulous spaces, the shortened-arch surgical
guide presented higher accuracy. Further research on different patterns of partially edentulous ridges,
different designs of surgical guides, and different implant designs should be investigated to provide more

information for clinicians to design reliable surgical guides in a more cost-effective manner.
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