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POSTERIOR MAXILLA AS RELATED TO 2 TYPES
OF SURGICAL GUIDES: A PILOT STUDY IN THE

4. Renaud Noharet, DDS,* Andreas Pettersson,” and
Denis Bourgeois, DDS®
Dental Faculty, University of Lyon, Lyon, France

Statement of problem. The position of implants may have an effect on obtaining osseointegration without complications and

on the outcome of the prostheses.

Purpose. The purpose of this study was to compare the accuracy of implant placement with computer-guided surgery and
freehand surgery in the atrophic area of the posterior maxilla.

Material and methods. Six human cadavers (Kennedy class I) were included in the study. The specimens were randomly
classified into 2 categories by using a computer: computer-guided surgery (n=3) and freehand surgery (n=3). Thirty-nine
implants were planned with the software. Two types of surgeries were performed. The preoperative computed tomography
data were matched with the postoperative computed tomography data by using voxel-based registration software. The
position of the planned implants was compared to the actual position of the implants. A multivariate analysis was used for
each variable (bone density, length of implant, implant angulation, and surgical technique) to evaluate the effect of these
variables on the implant accuracy. The level of significance used in this study is .05 (5%).

Results. The statistical tests (Kolmogorov-Smirnov bootstrap) found that guided surgery offered significantly better accuracy
for the platform (P=.002), apex (P=.001), and angle (P<.001). However, the accuracy of the 2 methods was similar for the
depth parameter (P=.186). The bone density did not influence the implant placement accuracy.

Conclusions. Computer-guided surgery was more accurate than a freehand approach for placing implants into bilateral
edentulous zones in the posterior maxilla. (J Prosthet Dent 2014;m:m-m)

CLINICAL IMPLICATIONS
Computer-guided surgery was consistently more accurate than freehand
surgery in terms of the position of the implants. Computer-guided

surgery may offer improved accuracy when placing dental implants in the
atrophic residual bone of the posterior maxilla.

The analysis of small residual bone
volumes has been facilitated by progress
in the field of 3-dimensional imaging,
which allows implant planning with
greater precision than 2-dimensional

examinations.! The difficulty of
3-dimensional imaging arises when the
surgeon attempts to transfer the

virtual planning to the clinical osseous
site. The accuracy of this transfer
is important to avoid complications

(nonosseointeg@n, migration of the

implant into the sinus, and sinusitis).”
Three different surgical methods are
currently available for this transfer: free-
hand surgery, computer-guided surgery,
and computer-navigated surgery.”” The
freehand approach involves the use of
software for implant planning; the plan
must then be transposed on the surgical
site (following perforations in radi-
opaque teeth, the radiographic guide can
serve as a tool to help surgeons during
implant placement). Computer-guided

surgery involves the use of a static surgi-
cal template that reproduces the virtual
implant position directly from computed
tomographic data but does not allow
the
implant position.4 With  computer-

intraoperative modification  of
guided implant surgery, 3 types of sup-
port are available for the guide: mucosa,
bone, and teeth. The different types of
support can be combined, for example,
teeth and mucosa. Computer-navigated
surgery involves the use of a surgical
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navigation system that reproduces the
virtual implant position directly from
computed tomographic data and allows
intraoperative changes in implant posi-
tion.” This last technique is used less
commonly. The available literature
is limited regarding comparisons of
implant accuracy for these different types
of surgery. Some studies have reported
the results of computer-guided surgery on
partially edentulous patients.””

The treatment of the posterior
maxilla creates a specific challenge for
clinicians because of poor quality and
quantity of residual bone and poor
access. Numerous reconstruction tech-
niques have been suggested; in partic-
ular, sinus lift techniques have shown
promising results, although sinus graft
techniques are not without risks and
complications, including sinus floor
perforation and sinusitis.'”"" Another
technique is the graftless procedure,

12,13

which uses short implants (devices

with designed intrabony lengths of 8
mm or less) or angulated implants.'® "
The use of 1 single type of short
implant may be preferable to bone
augmentation because the treatment is
expeditious, less expensive, and associ-
ated with reduced morbidity.'® Short
implant-supported prostheses appear
to be a valid option for treating the
atrophic jaw.12 The use of tilted im-
plants can also avoid the need for sinus

14,15,17,18
72102 Tuberos-

grafting procedures.
ity implants are generally angulated and
conform to the graftless treatment
concept.'”?" The low density of the
bone is also a problem when implants
are inserted in the posterior maxilla.
The low density complicates the control
of the instruments during the drilling
and implant placement.

The purpose of this study was to
compare the accuracy of implant
placement with computer-guided sur-
gery and freehand surgery in the atro-
phic area of the posterior maxilla. The
first null hypothesis was that the type of
surgery has no effect on the precision of
the implant placement, and the second
null hypothesis was that the factors of
length of the implant and tilting or

absence of tilting of the implant do not

influence the precision of the implant
placement.

MATERIAL AND METHODS

Six anatomic partially edentulous
human cadaver specimens were in-
cluded in the present study at the
Laboratory of Functional Anatomy
Department, University Paris Descartes,
France. French legislation and the rules
of the board of the anatomy depart-
ment regarding the use of anatomic
specimens were respected throughout
the study.

The 6 cadaver specimens selected
arrived in the laboratory between
September and December 2011; they
had no major infectious diseases, an
edentulous bilateral posterior maxilla
(2 to 4 teeth missing, terminal edentu-
lous jaw, and Kennedy-Applegate class
1), no residual roots or implants, well-
conserved teeth in the anterior region
with no visible mobility, residual crest
bone greater than 6 mm wide, bone
volume compatible with implant
placement without grafting (short or
tilted implants), and a sinus without
grafts. The specimens were frozen and
thawed between each step as necessary
(4 steps).

The 6 specimens were randomly
divided into 2 categories by using a
computer. Group FH (freehand surgery)
consisted of specimens A, B, and F, and
group GS (guided surgery) consisted of
specimens C, D, and E. Impressions were
made (step 1). A diagnostic waxing (step
2) was converted into a radiographic

guide made of autopolymerizing acrylic
resin (ProBase cold; Ivoclar Vivadent
AG); 6 to 9 gutta percha markers with a
diameter of 1.5 mm were inserted into
the radiographic guide. Computed to-
mography (CT) scans with a double-
scanning protocol were conducted on
each specimen (step 3).”” The first scan
(guide + cadaver) was completed and
followed by a second scan with the
radiographic guide only. During the CT
scan, the radiographic guides were
placed, and the scans were performed
with a medical CT (Somatom Sensation
10 scanner; Siemens). The CT scan set-
tings included a 0-degree gantry tilt, 120
kV, 80 mA, a slice thickness of 0.75 mm,
and a reconstruction increment of 0.5
mm. The same settings were used for
both scans. All specimens were treated
with the same protocol, as previously
described.””**

Software (NobelClinician; Nobel
Biocare) was used in the preparation
and treatment plan for all specimens
(Table I). All of the implants included in
the study were tapered (NobelSpeedy
Groovy [external hexagon connection];
Nobel Biocare) and had a diameter
of 4 mm.

The frozen specimens were allowed
to return to room temperature for
several hours before surgery (step 4).
For the specimens of group FH, the
radiographic guides were transformed
into simple surgical templates (a win-
dow was created in the radiographic
guide by eliminating the occlusal and
cingulum faces of the teeth). For group
FH, a surgical technique using the

TABLE |. Number of implants per specimen and per side

No. of Implants

Specimen Right Side Left Side Premolar Site

Molar Site Total

m m O N ®™ >
W W W W A W
NN W o w W

2 4 6
3 4 7
2 4 6
3 5 8
2 3 5
3 4 7
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;;: Lateral view of specimen treated with freehand approach Lateral view of specimen treated with computer-guided ;2(9)
s (with radiographic guide). surgery (with surgical guide). 501
237 292
238 freehand approach was performed implants from the postoperative scan of 10 mm (see Table I). The average 293
239 (Fig. 1). The buccal and palatal flaps were segmented from the data set, and (standard deviation) buccolingual angle 294
240 were reflected to expose the underlying the position and orientation of the clin-  was 5.76 degrees (£4.95), and the 295
241 bone, as in routine implant surgery. A ically placed implants were compared mesiodistal angle was 12.30 degrees 296
242 2-mm twist drill was used to ensure with the virtually planned implant posi- (£14.26). When the available bonewas 297
243 the corresponding depth and angle. tion in the coordinate system obtained less than 7 mm in height, the implants 298
244 Then, twist drills with increasing di- from the voxel-based matching. The were tilted to enhance the available 99
245 ameters were used. For the specimens measurements were performed in 3 di- bone (tuberosity bone). This decisionto 300
246 in group GS, a stereolithographic sur- mensions to determine both the linear tilt the implants was made during the 301
247 gical guide was made by using the and angular deviations. The software initial software-guided treatment plan- 302
248 software (NobelClinician; Nobel Bio- calculated the deviation between the ning. Then, the most posterior implants 303
249 care) (Fig. 2). The second group (GS) planned positions and the actual were tilted. Groups FH and GS were 304
250 was treated by using computer-guided implant positions for the outcome pa- comparable in terms of the number of 305
251 surgery. The drilling protocol was rameters platform, apex, depth, and
252 identical for all implants. The same angle (Figs. 3, 4). The depth deviation
253 surgeon (6 years of experience) per- was calculated as the vertical distance
254 formed all 6 surgeries. No complica- between the middle of the occlusal plane
255 tions occurred during the surgeries. ofthe placed implantand its intersection
256 Once the implants were placed, a with the horizontal plane, which was
257 second CT scan was performed on the drawn at the middle of the occlusal
258 specimens with settings identical to plane ofthe planned implant. A positive
259 those in the first scan. The 2 datasets value indicates a deeper placement of
260 were aligned into the same coordinate the implant compared with the planned
261 system with the software (NobelGuide position. An experienced operator per-
262 Validation 2.0.0.4; Nobel Biocare). The formed the matching and calculations.
263 matching and measurement method All of the data are presented by using
264 have been previously described.”*** The descriptive  statistics, including the
265 preoperative CT scan was matched with  number of observations; mean; median;
266 the postoperative CT scan by using the and minimum, maximum, and standard
267 3-dimensional voxel-based registration, deviations (SD).
268 previously described. The postoperative The accuracy was evaluated for 4 o % 323
269 data were registered to the preoperative outcome parameters: platform, apex, €324
270 date% by calculating the njnutual info'r- an.gle, and deth. The results were (?b- Different measurements between 325
271 mation of the corresponding voxels in tained for 39 implants, 19 of which | d ition of implant and real 320
) i . } planned posi p

272 the 2 datasets into 1 coordinate system.  were placed with guided surgery and 20 position. A, Variation of platform of 327
273 The voxel-based matching software of which were placed with freehand implant. B, Variation of apex of 328
274 searched for corresponding gray values surgery. Of the 39 implants, 12 had implant. C, Variation of depth 329
275 in the 2 data sets and aligned them. The a length of 7 mm, and 27 had a length (a, variation of angulation). 330
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1 image from cadaver F that illustrates deviations (gray,
virtual implant position; blue, actual implant position) on

occlusal view.

implants included and the selected
length of the implants.

All of the calculations were per-
formed by 1 statistician (Cyklad group).
The 2 specimens were compared ac-
cording to the controlled variables,
length, density, and tilt, each of which
could possibly influence the accuracy of
the technique. To compare the quanti-
tative variables with regard to sample
a bootstrap of the
nonparametric ~ Kolmogorov-Smirnov

size, version
test was used, and the 7* values of the
qualitative variables were calculated.
The Kolmogorov-Smirnov test was used
because of the small size of each sample
(n<30).

A multivariate analysis was per-
formed for each variable (platform,
apex, angle, and depth) to evaluate
the accuracy by considering certain
explanatory variables, including the
surgical technique and controlled vari-
ables (bone density, length of implant,
and whether the implants were tilted).

TABLE |l. Measurements of deviation

The purpose of this statistical test is to
eliminate the cofactors of influence for
implant placement. The multivariate
analysis is able to separate the variables
and indicate whether the variable ‘type
of surgery’ exerted an influence on the
outcome. The odds ratio had been
established by means of numeric ana-
lyses. The variables measuring the ac-
curacy (platform, tip, depth, and angle)
were dichotomized. The cutpoints are
listed in Table Il and are explained as
follows: 1 mm for the platform; 1 mm
for the tip (this is the threshold of
precision in the review of the literature
by Jung); 0 mm for the depth, because
the wrong insertion of the implant
(either too much or too little) may have
clinical consequences; and 6 degrees
for the angulation.29 The explicative
variables length and density were
dichotomized based on a base level:
length, <10 mm or >10 mm (to create
2 categories of implants, 7 and 10);
density, >214 or <214 Hounsfield

Deviation Type

Superior Accuracy

Inferior Accuracy

Deviation of platform (mm)
Deviation of tip (mm)
Angular deviation (degrees)

Deviation of depth (mm)

<1 mm (code 1)
<1 mm (code 1)
<6 degrees (code 1)
>0 mm (code 1)

>1 mm (code 0)
>1 mm (code 0)
>6 degrees (code 0)
<0 mm (code 0)

THE JOURNAL OF PROSTHETIC DENTISTRY

units (median). Odds ratios of less than
1 indicate a higher accuracy.

RESULTS

The results obtained from the cal-
culations for groups FH and GS served
as a basis for the samples: Kolmogorov-
Smirnov tests for the length (P=1) and
density (P=.767) and a %> test (P=1)
for the tilt. The results are provided in
Table 111,

The statistical test (Kolmogorov-
Smirnov bootstrap) found significant
differences in accuracy in favor of
guided surgery for the deviations of the
platform (P=.002), apex (P=.001),
and angle (P<.001). However, no sig-
nificant difference was found for the
depth (vertical deviation) (P=.186).

The of the
models are given in Table IV. The results

results multivariate
indicate that implants placed with
guided surgery were more accurate. The
odds ratios reveal that these differences
were significant. Regarding the type of
surgery (first row of Table IV), odds
ratio values greater than 1 indicate that
guided surgery provided more accurate
implant placement. Odds ratio values
less than 1 indicate a better accuracy
for implant placement with freehand
surgery. The platform, apex, and angle
variables exhibit significant differences.

Forthe length of the implants (second
row of Table |V), odds ratio values greater
than 1 indicate that a higher level of ac-
curacy was achieved for the implants that
were less than 10 mm in length. Odds
ratio values less than 1 indicate that a
higher level of accuracy was achieved for
the implants that were more than 10 mm
in length. Only the platform variable
showed a significant difference.

For the implant tilt (third row of
Table 1V), odds ratio values greater
than 1 indicate a higher level of accu-
racy for the implants that were not til-
ted. Odds ratio values less than 1
indicate a higher level of accuracy for
the implants that were tilted. Only the
variable depth showed a significant
difference. Bone density was the only
variable that was not significant in any
of the conditions.
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441 TABLE Ill. Results of 4 parameters of functions of surgery (mean, SD, SEM, Cl) 496
442 B 497
443 Guided Surgery Freehand Surgery P 408
444 (Kolmogorov- 499
445 Deviation Type Mean SD SEM Cl Mean SD SEM Cl Smirnov Test) 500
446 501
447 Deviation of platform (mm) 0.932 0.6549 0.2 [0.656, 1.25] 2.060 1.1362 0.3 [1.584, 2.584] .002 502
448 Deviation of tip (mm) 1.137 0.8902 0.2 [0.800, 1.582] 2.270 1.2359 0.3 [1.755, 2.841 .001 503
449 Deviation of angle (degrees) 3.989 3.4756 0.8 [2.592,5.656] 9.180 4.2831 1 [7.456, 11.137] .000 504
450 Deviation of depth (mm)  0.184 0.4634 0.1 [-0.012, 0.395] —0.290 1.0125 0.8 [—0.726, 0.164] 186 505
451 506
452 SD, standard deviation; SEM, standard error of the mean. 507
453 508
454 TABLE V. Results of multivariate models 509
455 .. .. . .. . . 510
456 Deviation Platform Deviation Tip Angle Deviation Depth Deviation 511
457 Variable P Odds Ratio P Odds Ratio P Odds Ratio P Odds Ratio 512
458 513
459 Type of surgery .004 33.603 .004 16.6 .001 22.692 * - 514
460 Length .043 11.707 * - * - * 515
461 Tilted implant * * - * - .047 4.907 516
462 Density % * . * B * 517
463 518
464 *Not significant. 519
465 520
466 TABLE V. Comparative results between freehand surgery and guided surgery 521
o7 Tip Platform Angle Depth 022
468 523
469 Type Mean SD SEM Mean SD SEM Mean SD SEM Mean SD SEM 524
470 525
471 Freehand surgery (FH) 23 12 03 21 11 03 92 43 1 03 1 08 556
472 Guided surgery (GS) 1.1 0.9 0.2 0.9 0.7 0.2 4.0 3.5 0.8 0.2 0.5 0.1 527
473 Difference (=FH—GS) 1.2 0.3 0.1 1.2 0.4 0.1 5.2 0.8 0.2 -0.5 0.5 0.7 528
474 529
475 SD, standard deviation; SEM, standard error of the mean. 530
476 531
477 DISCUSSION (mean value) for the platform devia- results (compared with the present 537
478 tion, 1.1 mm (mean value) for the study) were observed in studies that 533
479 The results should be interpreted apical deviation, and 5.2 degrees used a similar methodology, with par- 534
480 with caution because of the limited (mean value) for the angular deviation tial edentulous zones in the maxilla, on 535
481 sample size. There were other limita- (Table V). A more homogeneous accu- either patients or human cadavers, with 53¢
482 tions to this study. The study did not racy in the position of the implants was only 1 tooth-supported stereolitho- 537
483 reflect real-life clinical elements, be- noted (smaller standard deviations and  graphic guide. Other accuracy studies s53g
484 cause no bleeding, no patient move- Cls; see Table III). have examined formalin-based human 539
485 ment, and no problems with patient The second null hypothesis was cadavers. In these studies, bone soft- 540
486 compliance were involved in a cadaver confirmed, because the multivariable ening due to demineralization from the Q354
487 study. These aspects are important in models found that only the variable of formalin can occur, which may affect 54
488 routine surgery. type of surgery had a positive effect on  the implant placement. The present 543
489 The data supported rejection of the precision; the variables of length, den- study is closer to clinical conditions 544
490 first null hypothesis. Guided surgery sity, and tilt did not have an effect on because of the absence of formalin. 545
491 was more accurate than freehand sur- the precision of the implant position. One deviation from the normal clinical 544
492 gery in this study for the apex, platform, The accuracy results of computer- situation was that the cadavers were g547
403 and angle variables. The average dif- guided surgery in this study are similar frozen, which might change the prop- 549
404 ference in accuracy, which favored the to the results of other published accu- erties of the mucosa. However, in this 549
495 computer-guided surgery, was 1.1 mm racy studies (Table VI).o%?% Similar  study, the radiographic and surgical 550

NOHARET ET AL

ﬁ

FLA 5.2.0 DTD m YMPRI1363_proof B 24 March 2014 ® 4:44 pm MW ce



VOLUME m ISSUE m

551
552
553
554
555
556
557
558
559
560
561
562
563
564
565
566
567
568
569
570
571
572
573
574
575
576
577
578
579
580
581
582
583
584
585
586
587
588
589
590
591
592
593
594
595
596
597
598
599
600
601
602
603
604
605

Q4

Qs
Q6

TABLE VI. Summary of reported accuracies for studies treating partially edentulous specimens with stereolithographic

template
Type Platform
of

Authors Study Imaging Implant UJ L) Average Minimum Maximum SD
Di Giacomo et al’ In vivo cT 4 1 0.4 0.1 1.1
Van Assche et al® Cadaver study cT 12 1 3 1.1 0.3 2.3 0.7

Ersoy et al’ In vivo cT 26 1.1 0.6

Ozan et al® In vivo cT 30 - - 0.9 0.4
Van Assche et al?® In vivo CBCT, CT 19 6 2 0.6 0.1 1.4 0.3

Noharet et al (present study) Cadaver study cT 19 0.9 0.1 2.8 0.7
Global average 0.8
Tip Angle

Authors Average Minimum Maximum SD Average Minimum Maximum SD
Di Giacomo et al’ 2 0.8 3 - 6.9 1.9 12.2 -
Van Assche et al® 2 0.7 2.4 0.7 0.7 4 0.8

Ersoy et al’ 1.3 - - 0.7 4.4 1.6

Ozan et al’ 0.9 - - 0.6 2.9 - - 1.3
Van Assche et al*® 0.9 0.2 1.8 0.4 2.2 0.6 3.9 1.1

Noharet et al (present study) 1.1 0.1 4.2 0.9 1 13.6 3.5
Global average 1.4 3.7

UJ, xxxx; LJ, xxxx; SD, standard deviation; CT, computed tomography; CBCT, cone beam computed tomography.

guides were placed on the nonmobile
teeth, representing hard tissue. If the
guides had been placed on the mucosa,
an increased deviation might have
occurred.

The depth parameter has been
evaluated in 2 studies.®”® The first
study included edentulous cadavers
with mucosal support of the surgical
template. Therefore, the obtained re-
sults are not comparable with the pre-
sent study. More favorable results were
presented in a study by Van Assche
et al® (=0.1 mm; SD, £0.5), which
could be explained by the fact that
specimens with terminal edentulous
zones were evaluated. In another
report, Van Assche et al”® included 2
patients with terminal edentulous zones
and 5 patients with unilateral or bilat-
eral edentulous zones. For the terminal
edentulous zones, the pressure applied
to the guide during implant insertion
may have distorted the guide. Apart

from these specific factors, a series of

errors during the entire diagnostic and
operative procedure may have contrib-
uted to an accumulation of minor
errors, leading to larger deviations of
the implant position. The reproduc-
ibility of the template position during
the acquisition of the radiographic data
and during the placement of the im-
plants is a delicate issue.”

The support of the guide is an
important factor. In this study, the type
of support was mucosa, which may
affect the process of freezing for the
preservation of the specimens and thus
the precision of the implant placement.
Two studies have been completed that
used similar conditions to this study
(with a similar protocol with human
and identical
et al*®

cadavers techniques).
used completely
edentulous maxillas, and the present
study used partial edentulous maxillas

(with a difference in guide support,

Pettersson

mucosa only or with teeth). A similar

study could be completed with

THE JOURNAL OF PROSTHETIC DENTISTRY

completely edentulous jaws. The choice
of the type of support for the guide is
subject to discussion: in the case of the
present study, hard support was used.
In the case of completely edentulous
jaws, when the mucosa is used as sup-
port for the guide, this support is not
completely stable because the mucosa
is depressible. This fact may result in
problems concerning the positioning
and the stability of the guide no matter
which technique is used. The end re-
sults may be affected.

A second study by Pettersson et al”*’
used the same guided system and
matching technique. This second study
was performed on patients in actual
The
similar; for each variable, the maximal
difference was 0.15 mm for the plat-
form, apex, and depth, and the varia-

clinical situations. results were

tion in the angle was 2 degrees. The
means of support (mucosa or teeth) for
the guides did not appear to influence
the accuracy of the implant placement
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