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ABSTRACT

AIM: A retrospective clinical analysis evaluated the clinical behavior
of the prosthetic restorations, screw joint stability, peri-implant bone
level and soft tissues, implant survival rate and patient satisfaction.
MATERIAL AND METHODS: Data was collected from follow-up
visits of 444 patients, aged from 26 to 88 years, that were
rehabilitated with 2,244 implants placed between 2005 and 2010.
RESULTS: The implant survival rate was 99.73%, 94.78% for
prosthetic screws, and 96.70% for abutment screws. Peri-implant
bone levels remained stable (bone loss equal or less than 1 mm) in
96.21% of the implants. Plaque accumulation was present in 275
patients and was associated with gingival bleeding in 66 patients.
Three hundred and thirty patients were satisfied, 103 were
somewhat satisfied, 7 patients expected more from their restorative
treatment, and 4 patients were dissatisfied. CONCLUSION:
Continuous follow-up of patients with implant restorations provides
essential information on the behavior of implants and prosthetic
components, enbling the early intervention in minor prosthetic
complications (e.g. screw loosening) to avoid future major
complications (e.g. implant failure).
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INTRODUCTION

The criteria for successful
osseointegration have been established and
well-documented since 1981.%2 It has been
previously established that during the healing
period of up to one year after installation of the
prosthetic restoration, a bone loss of
approximately 1.0 mm is considered normal,
followed by less than 0.2 mm in the following
years; the soft tissues should also remain
healthy over the years.> Another criteria for
success of dental implants was proposed based
on the difficulties that implants in less than
ideal positions present for the placement of the
prosthetic restoration.*

Current criteria for success depends on
an interrelationship between functional,
biological, and mechanical aspects.>* The
tissues surrounding the implants should be
healthy, the bone level around the fixtures
should be within normal limits and screw joint
stability is required. The follow-up of clinical
cases have supported the restorative
techniques that were proposed and changes
that were needed over the years.>® New
indications for implant placement technique®
and the outcomes that patients are looking for
in restorations supported by dental implants
have changed over the years.'?

Data that assess techniques used in
implant training courses are important to
enable the continuance or modification of the

concepts applied at an educational institution.
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The aim of this study is to present the data
collected in follow-ups of cases treated during
training programs at the Latin American
Institute for Dental Research and Education
(ILAPEO). This study assessed the basic
survival rates of the implants, the bone level
around the implants, condition of the soft
tissues surrounding the implants, stability of
the prosthetic screws, and the levels of patient
satisfaction related to the treatment and the

prostheses.

MATERIAL AND METHODS

The research protocol for this study
was approved by the ethics board of the
Pontificia Universidade Catdlica do Parana
(PUC-PR) (CAAE protocol number
13426313.0.0000.0100; PUC-PR report
number 244.722). All patients who were
rehabilitated with dental implants during
training programs at the ILAPEO, from 2005 to
2010, were instructed and invited to return for
clinical maintenance and follow-up at 6-month
intervals for the first 2 years. This study
collected data available from the completed
forms and from the patient’s follow-up returns.

After installation of the implant-
supported rehabilitations, all patients were
trained and motivated to proper hygiene the
prosthetic restorations. The implant survival
rate was assessed according to the criteria for
successful osseointegration proposed by Smith

and Zarb (1989).2 All clinical assessments
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during the follow-up visits were made by one
experienced calibrated clinician that also
administered a 25-item structured multiple
response questionnaire. The questionnaire
evaluated complications related with the
prosthetic restoration, the implants, the peri-
implant bone levels, and also evaluated the
overall patient satisfaction with the implant
treatment. Patient satisfaction was determined
as satisfied, somewhat satisfied, and
dissatisfied. A total of 444 forms were filled
out, 55 (12.4%) of which were follow-ups of
three- to five-unit splinted partial prostheses
(screw-retained metal-ceramic prosthesis) and
389 (87.6%) were full-arch prostheses (screw-
retained hybrid fixed prosthesis), to a total of
2,244 implants (Neodent, Curitiba, PR, Brazil).
Peri-implant bone level was assessed on
undistorted radiographs. Digital intraoral
radiographs were obtained on the day of the
follow-up visit using the paralleling technique
and a universal sensor holder (Rinn® XCP-DS
FIT™, Dentsply Rinn, Elgin, IL, USA). The
radiographs were performed using the same x-
ray equipment (7 mA and 85 kVp, Heliodent
Vario, Sirona Dental GmbH, Salzburg, Austria)
and intraoral sensor (Xios Plus, Sirona Dental
GmbH). Specialized software (Sidexis XG,
Dental GmbH) was used to measure the
vertical bone level. The peri-implant bone
levels were determined as less or equal to 1
mm and higher than 2 mm by one calibrated

operator. The measurements were made from
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the prosthesis/implant-abutment interface up
to the most apical radiolucency (Figures 1 and

2).

Figure 1. Evaluation of the peri-implant bone level - X-ray of External

Hexagon implant. d = measured vertical bone loss.

Figure 2. Evaluation of the peri-implant bone level - X-ray of Morse

taper implant. d=measured vertical bone loss.
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Screw joint stability was evaluated by
checking the torque of the prosthetic and
prosthetic-abutment screws using a torque
gauge (Neodent). The criterion used was that
screws with less than 10 N-cm were
considered loosen. The presence or absence of
mobility was manually checked with the aid of
clinical instruments trying to move the
restorations. When mobility was detected, all
components were disassembled to understand
whether the connection between restoration
and prosthetic-abutment or the connection
between prosthetic-abutment and implant or
the implant was loose.!!

The presence of clinical complications
in the prosthetic restorations was performed
according to settings from a previous study.!?

Presence of mechanical complication
and the type of complications were assessed
(polishing of chipped-off porcelain,
retightening of loose screw, and need for a new
restoration). The prosthetic misfit of the
restorations with the abutments was also
evaluated in the x-rays. Simplified Gingival and
Plaque Indexes were used to assess the
presence/absence of inflammation or plaque
and were performed only on the implant-
supported restorations. Bleeding from the
gingival margin and visible plaque scored 1,
while absence of bleeding and no visible

plaque scored 0.13-15
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RESULTS

Data from 2,244 implants were
analyzed. Two hundred and thirty-five
implants supported screw-retained metal-
ceramic partial dental prostheses (10.5%) and
2009 supported screw-retained hybrid full-
arch dental prostheses (89.5%). One thousand
four hundred and thirty-seven implants were
placed in the mandible (64%) and 807 in the
maxilla (36%). The survival success rate of the
2,244 implants was 99.73%; five implants
were lost and one was submerged after a
period from 6 months to 5 years in function.
Ten of the 444 (2.2%) prosthetic restorations
were considered non-passive; three of the five
implants that failed were supporting these
restorations.

The full-arch restorations in the maxilla
were supported by 4, 6 or more than 6
implants; in the mandible, the restorations
were supported by 4 or 5 implants being that
85.38% were supported by 5 implants. Some
implants were in an angled position whereas
others were axially straight, arranged between
the two maxillary sinuses or between the
mental foramens. The success rate did not
differ between different implant positions.

The stability rate was 94.78% for
prosthetic screws and 96.70% for prosthetic-
abutment screws. Two prosthetic-abutment
screws were fractured. The overall patient
satisfaction found that 330 patients (74.09%)

were satisfied, 103 (23.44%) were somewhat
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satisfied, 7 (1.57%) expected more from their
restorative treatment, and 4 patients (0.9%)
were dissatisfied. The complaints were related
to difficult hygiene (43 patients; 13%),
aesthetics (24 patients; 7.3%), occlusal
discomfort (16 patients; 5%), phonetics (13
patients; 4%), pain (6 patients; 1.8%), and 2
patients did not report any specific complaint.
From the 114 patients who had some
dissatisfaction, 99 were restored with a full-
arch hybrid implant-fixed dental prosthesis
and 15 with implant-fixed metal-ceramic
partial dental prosthesis; 48 prosthetic
restorations were located in the maxilla and 66
in the mandible.

Peri-implant bone loss was less than or
equal to 1 mm in 96.21% of the implants and
higher than 2 mm in 3.78% of the implants.
Plaque was present in 275 patients and
gingival bleeding was present in 66 of the 275
patients (24% of the patients that had plaque

accumulation).

DISCUSSION

The overall success evaluation of the
implants used for this study was based in
previously published studies that suggested
criteria for implant success.>* Some of the
factors include healthy tissues surrounding the
implants, presence of screw joint stability, and
bone level around the fixtures within normal
values with the implant in function (vertical

bone loss less than 0.2 mm annually after the
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first year of service).3

The overall implant survival rate of the
implants was 99.73%. This is in agreement
with other studies that found similar implant
survival rates ranging from 98.1 to
100%2%16-21 and higher than other studies that
found survival rates ranging from 80.3 to
92.4%.222% Some studies?>?® found that early
loss of the implant fixtures is the most common
finding. No early loss of implant fixtures was
found in this study. The five failed implants
that were lost were replaced and a new
prosthetic restoration was fabricated. When
implant failure is detected, the clinician should
solve it immediately and replace it when
needed. Faster response on failures might lead
to higher patient satisfaction levels, since
complications with the implant-treatment are
among the factors that significantly influences
patient satisfaction.?” Other factors include
implant position, definitive restoration shape,
appearance, effect on speech, and chewing
capacity.?’

It can be stated that the amount of
implants used for the full-arch restorations (4
to 6 or more in the maxilla and 4 or 5 in the
mandible) are adequate considering the
overall survival rate of the implants (99.73%).
This is in agreement with other studies that
suggested a number of 4 or 6 implants in the
maxilla to restore a full-arch restoration and

found high predictability rates.??28 Implant
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inclination also had no effect for the implant
survival rate and agrees with other studies that
found similar outcome.'®?° For implant-fixed
mandibular restorations, the minimum
number of implants varies from 4 to 6 between
the mental foramens with high rates of success
and predictability.? For the maxilla, the initial
indication of 6 parallel implants has presented
lower rates of success,?%33 which may be
explained by the complex anatomy, the
presence of complex anatomical structures
such as the maxillary sinuses and nasal
cavities, and poor bone quality. This fact makes
it a challenge to treat atrophic maxillae and has
led to the development of new surgical
techniques, such as reconstruction with large
autogenous bone grafts from extraoral donor
areas and the use of zygomatic fixtures.3#-36
Screw joint stability found in this study
was comparable to previously published
studies that used similar methodology.3738 The
routine use of a torque gauge to tighten the
screws of implant-supported restorations is
recommended and helped maintaining screw
joint stability. The passive fitting of implant-
supported restorations is another factor that
influences screw stability.!”3%4° The follow-ups
made possible the identification of loose
screws so that they could be adjusted for
proper functioning of the restoration. Screws
were changed when necessary. No further
complication or pain was associated with

screw loosening. This confirms the
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observations of another study that
recommended careful tightening of the screws
using torque gauges to minimize the risk of
long-term mechanical problems such as
fracture of the prosthetic-abutment or the
implants.*! Other studies found implant
fractures that were preceded by loosening of
the screws.*?

Prosthesis passive fitting is a complex
clinical step because it relies on many technical
procedures. Adding small errors when taking
the impression, pouring the cast, and waxing
and casting can easily result in frameworks
misfit.3” Clinical follow-ups may help in solving
problems in an early stage, preventing worst-
case scenarios. However, the need for
additional clinical sessions to care for the
mobility of the prosthesis can be frustrating to
the patient, possibly affecting the level of
satisfaction with the treatment.3’

The level of satisfied patients was
74.09%. This is higher than a study that
reported a satisfaction rate of 50%3° and lower
than another study that found 88.2% of
satisfied patients.*3 For this study, full mouth
and partial restorations were mixed together,
with a higher trend for treating edentulous
lower jaws. All complications with the implant
rehabilitation were addressed. The overall
satisfaction of the patients was lower than the
success rate of the implant restorations. This is
in agreement with findings from other

studies?>3 that found that despite the high
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success rate of the implant restorations, the
level of satisfaction is not as high. It has been
previously suggested that the patients that
attend the dental office more frequently do so
because of complications with the implant
therapy rather than for supportive treatment
or routine check-up.?®> Most of the issues
reported by the patients in the present study
were related with prosthesis hygiene. The
patients do not always notice problems related
with the prosthetic restoration, and dentists
should routinely follow-up their clinical cases
to avoid further complications.

The aesthetic demands of patients
needing implant rehabilitation have
significantly increased in recent years.** The 7
patients that expected more from their
treatment were rehabilitated with full-arch
hybrid fixed prosthesis and their main
complaint was related with the appearance,
the time it took to complete the treatment, and
unsatisfactory lip support. The aesthetic
limitations of full-arch hybrid fixed prosthesis
should not be overlooked. Exchanging a
removable complete denture that replaces the
gingival contours and provides extra lip
support by a hybrid fixed prosthesis with
extension limitations and more difficult to
hygiene maintenance might contribute to the
problem.?3

Since this study was conducted in a
training environment, the time to complete the

treatment is expected to be higher compared
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to a private practice. A previous study?’
reported that the communication between
dentist and patient is important to achieve
optimal esthetic results and is indicated that
the information received prior to treatment
was related to patient overall satisfaction. It
has also been previously reported that patients
with high or unrealistic expectations are the
most difficult patients to treat,*> thus further
emphasizing the importance of the
communication between dentist and patient.?”
The peri-implant bone level around the
implants remained stable with up to 1 mm
bone loss in 96.21% of the fixtures. This agrees
with the recommended levels of bone loss for
successful osseointegration.>* The results are
similar to those found by another study that
reported bone loss around the implants of up
to 1 mm in 95.1% and in 4.9% bone loss higher
than 2 mm.*® Patients rehabilitated with
osseointegrated implants should be advised of
the importance of regular maintenance to
avoid complications and should accept the
possibility that technical complications leading
to additional maintenance cost can occur with
implant-supported restorations.'? Screw-
retained restorations are easier to maintain
because of its retrievability. Multiple and
complex restorations are therefore

recommended to follow such characteristics.
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CONCLUSION

The results found in this study indicate
that the long-term success of implant-
supported restorations could be improved by
continuous follow-ups. The early intervention
in cases of prosthetic screw loosening and
implant loss can minimize higher trauma,
maintain the bone levels surrounding the
implants, and positively influence the patient’s
levels of satisfaction. A limitation of this study
is that implants of different sizes, designs, and
connections were evaluated. Different implant
position, number of implants and types of
restorations were also present in the clinical
cases. A more homogeneous sample can be

used in future prospective clinical trials.

REFERENCES

1. Albrektsson T, Branemark PI, Hansson HA, et al
Osseointegrated titanium implants. Requirements for
ensuring a long-lasting, direct bone-to-implant

anchorage in man. Acta Orthop Scand.1981;52:155-170.

2. Adell R, Lekholm U, Rockler B, et al. A 15-year study
of osseointegrated implants in the treatment of the

edentulous jaw. Int ] Oral Surg 1981;10:387-416.

3. Smith DE, Zarb GA. Criteria for success of
osseointegrated endosseous implants. | Prosthet Dent.

1989;62:567-572.

4. Albrektsson T, Zarb G, Worthington P, et al. The long-
term efficacy of currently used dental implants: a
review and proposed criteria of success. Int ] Oral

Maxillofac Implants 1986;1:11-25.

562

5. Becker W, Becker BE, Israelson H, et al. One-step
surgical placement of Branemark implants: a
prospective multicenter clinical study. Int ] Oral

Macxillofac Implants 1997;12:454-462.

6. Ekelund JA, Lindquist LW, Carlsson GE, et al. Implant
treatment in the edentulous mandible: a prospective
study on Branemark system implants over more than

20 years. Int ] Prosthodont 2003;16:602-608.

7. Montes CC, Pereira FA, Thome G, et al. Failing factors
associated with osseointegrated dental implant loss.

Implant Dent 2007;16:404-412.

8. Friberg B, Jemt T. Clinical experience of TiUnite
implants: a 5-year cross-sectional, retrospective follow-
up study. Clin Implant Dent Relat Res 2010;12 Suppl
1:€95-103.

9. Jemt T. Modified single and short-span restorations
supported by osseointegrated fixtures in the partially

edentulous jaw. ] Prosthet Dent 1986;55:243-247.

10. Saadoun AP. Single tooth implant restoration:
surgical management for aesthetic results. Int ] Dent

Symp 1995;3:30-35.

11. Bragger U. Examination of Patients with Implant-
Supported Restorations. In: Lindhe ], Lang NP, Karring
Ts, eds. Proceedings of the Clinical Periodontology and
Implant Dentistry. 5th: Blackwell Munksgaard:
2008:623-633.

12. De Boever AL, Keersmaekers K, Vanmaele G, et al.
Prosthetic complications in fixed endosseous implant-
borne reconstructions after an observations period of at

least 40 months. ] Oral Rehabil 2006;33:833-839.

13. Steflik DE, Koth DL, McKinney RV, Jr. Human clinical
trials with the single crystal sapphire endosteal dental

implant: three year results, statistical analysis, and

JRD - Journal of Research in Dentistry, Tubarao, v. 2, n. 6, nov/dec. 2014



validation of an evaluation protocol. ] Oral Implantol

1987;13:39-53.

14. Ainamo ], Bay I. Problems and proposals for
recording gingivitis and plaque. Int Dent ]

1975;25:229-235.

15. Karoussis IK, Muller S, Salvi GE, et al. Association
between periodontal and peri-implant conditions: a 10-
year prospective study. Clin Oral Implants Res

2004;15:1-7.

16. Romeo E, Lops D, Margutti E, et al. Long-term
survival and success of oral implants in the treatment of
full and partial arches: a 7-year prospective study with
the ITI dental implant system. Int ] Oral Maxillofac
Implants 2004;19:247-259.

17. Borges AF, Dias Pereira LA, Thome G, et al.
Prostheses removal for suture removal after immediate
load: success of implants. Clin Implant Dent Relat Res

2010;12:244-248.

18. Testori T, Del Fabbro M, Capelli M, et al. Immediate
occlusal loading and tilted implants for the
rehabilitation of the atrophic edentulous maxilla: 1-year
interim results of a multicenter prospective study. Clin

Oral Implants Res 2008;19:227-232.

19. Li W, Chow ], Hui E, et al. Retrospective study on
immediate functional loading of edentulous maxillas
and mandibles with 690 implants, up to 71 months of
follow-up. ] Oral Maxillofac Surg 2009;67:2653-2662.

20. Mangano C, Mangano F, Piattelli A, et al. Prospective
clinical evaluation of 307 single-tooth morse taper-
connection implants: a multicenter study. Int ] Oral

Maxillofac Implants 2010;25:394-400.

21. Noack N, Willer ], Hoffmann ]. Long-term results
after placement of dental implants: longitudinal study of

1,964 implants over 16 years. Int ] Oral Maxillofac

563

Implants 1999;14:748-755.

22. Branemark PI, Svensson B, van Steenberghe D. Ten-
year survival rates of fixed prostheses on four or six
implants ad modum Branemark in full edentulism. Clin

Oral Implants Res 1995;6:227-231.

23. Cox JF, Zarb GA. The longitudinal clinical efficacy of
osseointegrated dental implants: a 3-year report. Int ]

Oral Maxillofac Implants 1987;2:91-100.

24. Herrmann I, Lekholm U, Holm S, et al. Evaluation of
patient and implant characteristics as potential
prognostic factors for oral implant failures. Int ] Oral

Macxillofac Implants 2005;20:220-230.

25. Roos-Jansaker AM, Lindahl C, Renvert H, et al. Nine-
to fourteen-year follow-up of implant treatment. Part I:
implant loss and associations to various factors. ] Clin

Periodontol 2006;33:283-289.

26. Widmark G, Andersson B, Carlsson GE, et al.
Rehabilitation of patients with severely resorbed
maxillae by means of implants with or without bone
grafts: a 3- to 5-year follow-up clinical report. Int ] Oral

Macxillofac Implants 2001;16:73-79.

27. Levi A, Psoter W], Agar JR, et al. Patient self-reported
satisfaction with maxillary anterior dental implant
treatment. Int J Oral Maxillofac Implants

2003;18:113-120.

28. Malo P, Rangert B, Nobre M. All-on-4 immediate-
function concept with Branemark System implants for
completely edentulous maxillae: a 1-year retrospective
clinical study. Clin Implant Dent Relat Res 2005;7 Suppl
1:588-94.

29. Koutouzis T, Wennstrom JL. Bone level changes at
axial- and non-axial-positioned implants supporting

fixed partial dentures. A 5-year retrospective

JRD - Journal of Research in Dentistry, Tubarao, v. 2, n. 6, nov/dec. 2014



longitudinal study. Clin Oral Implants Res
2007;18:585-590.

30. van Steenberghe D. A retrospective multicenter
evaluation of the survival rate of osseointegrated
fixtures supporting fixed partial prostheses in the
treatment of partial edentulism. ] Prosthet Dent

1989;61:217-223.

31. Jemt T. Failures and complications in 391
consecutively inserted fixed prostheses supported by
Branemark implants in edentulous jaws: a study of
treatment from the time of prosthesis placement to the
first annual checkup. Int ] Oral Maxillofac Implants

1991;6:270-276.

32. Kallus T, Bessing C. Loose gold screws frequently
occur in full-arch fixed prostheses supported by
osseointegrated implants after 5 years. Int ] Oral

Maxillofac Implants 1994;9:169-178.

33. Jendresen MD, Allen EP, Bayne SC, et al. Annual
review of selected dental literature: report of the
Committee on Scientific Investigation of the American
Academy of Restorative Dentistry. ] Prosthet Dent
1995;74:60-99.

34. Henry PJ]. A review of guidelines for implant
rehabilitation of the edentulous maxilla. ] Prosthet Dent

2002;87:281-288.

35. Duarte LR, Filho HN, Francischone CE, et al. The
establishment of a protocol for the total rehabilitation of
atrophic maxillae employing four zygomatic fixtures in
an immediate loading system--a 30-month clinical and
radiographic follow-up. Clin Implant Dent Relat Res
2007;9:186-196.

36. Sartori EM, Padovan LE, de Mattias Sartori IA, et al.
Evaluation of satisfaction of patients rehabilitated with
zygomatic fixtures. ] Oral Maxillofac Surg

2012;70:314-319.

564

37. Brosky ME, Korioth TW, Hodges ]. The anterior
cantilever in the implant-supported screw-retained
mandibular prosthesis. | Prosthet Dent

2003;89:244-249.

38. Ekfeldt A, Eriksson A, Johansson LA. Stability of the
screw joints in patients with implant-supported fixed
prostheses in edentulous jaws: a 1-year follow-up study.

Int ] Prosthodont 2004;17:177-180.

39. Akca K, Cehreli MC. Two-year prospective follow-up
of implant/tooth-supported versus freestanding
implant-supported fixed partial dentures. Int ]

Periodontics Restorative Dent 2008;28:593-599.

40. Sartori IA, Ribeiro RF, Francischone CE, et al. In vitro
comparative analysis of the fit of gold alloy or
commercially pure titanium implant-supported
prostheses before and after electroerosion. ] Prosthet

Dent 2004;92:132-138.

41. Conrad HJ, Schulte JK, Vallee MC. Fractures related
to occlusal overload with single posterior implants: a

clinical report. ] Prosthet Dent 2008;99:251-256.

42. Eckert SE, Meraw SJ, Cal E, et al. Analysis of
incidence and associated factors with fractured
implants: a retrospective study. Int ] Oral Maxillofac

Implants 2000;15:662-667.

43. Levi A, Psoter W], Agar JR, et al. Patient self-reported
satisfaction with maxillary anterior dental implant
treatment. Int J Oral Maxillofac Implants

2003;18:113-120.

44. Belser UC, Mericske-Stern R, Bernard JP, et al
Prosthetic management of the partially dentate patient
with fixed implant restorations. Clin Oral Implants Res

2000;11 Suppl 1:126-145.

45. Pjetursson BE, Karoussis I, Burgin W, et al. Patients'

satisfaction following implant therapy. A 10-year

JRD - Journal of Research in Dentistry, Tubarao, v. 2, n. 6, nov/dec. 2014



565

prospective cohort study. Clin Oral Implants Res

2005;16:185-193.

46. Jemt T, Johansson ]. Implant treatment in the
edentulous maxillae: a 15-year follow-up study on 76
consecutive patients provided with fixed prostheses.

Clin Implant Dent Relat Res 2006;8:61-69.

JRD - Journal of Research in Dentistry, Tubarao, v. 2, n. 6, nov/dec. 2014



