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Purpose: The aim of the present study was to evaluate implant survival, peri-implant
conditions, and prosthodontic maintenance requirements for implant-supported
mandibular overdentures in atrophic mandibles retained with ball or resilient
telescopic crown attachments during a 3-year period. Materials and Methods:
Twenty-five patients with edentulous mandibles each received 2 Camlog root-form
dental implants in the mandibular interforaminal (canine) region. The denture
attachment system was chosen randomly; 13 patients received ball attachments and
12 patients received resilient telescopic crowns. Implant survival, implant mobility
(Periotest values), and peri-implant conditions such as bone resorption, pocket depth,
Plague Index, Gingiva Index, Bleeding Index, and Calculus Index values were
assessed for each implant. In addition, detailed prosthodontic maintenance was
evaluated during the follow-up period and the 2 retention modalities were compared.
Results: There were no differences in implant survival, implant mobility (Periotest
values), and peri-implant conditions between the 2 retention modalities. During the 3-
year period significantly more complications/interventions for maintenance purposes
were registered in the ball group (62 interventions) than in the telescopic crown group
(26 interventions; P < .01). Conclusion: The results indicate that both ball
attachments and resilient telescopic crowns used on isolated implants in the
edentulous mandible are viable treatment options. Implant success and peri-implant
conditions did not differ between ball attachments and telescopic crowns used as
retention modalities for implant overdentures, but the frequency of technical
complications was significantly higher with ball attachments than with resilient
telescopic crowns. Int J Prosthodont 2006;19:164—170.

mplant-supported overdentures (I0D) have been
shown to provide a successful long-term outcome,
particularly when used to restore edentulous
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mandibles.’® Numerous studies have reported 5-year
implant survival rates between 94% and 100% and
high rates of patient satisfaction.*-8 Although there
are a wide variety of implant-supported prosthodon-
tic rehabilitation options for the edentulous mandible,
standard treatment with 10D for achieving good long-
term results is recommended using only 2 interforam-
inal implants. %

The commonly used abutment types connecting
overdentures and interforaminal implants include bars
of different designs, balls, and magnets.>612-14
Although there is no significant difference in patient
satisfaction with 10D stabilization between splinted
and unsplinted attachments,'?-® differences have been
described in the extent of prosthodontic maintenance
during the follow-up period.’-® The anatomic situa-
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tion in the mandible must be considered when choos-
ing the appropriate type of attachments.’®2% With ad-
vanced atrophy of the mandible, the prosthesis must
be primarily stabilized with regard to horizontal forces,
which is best achieved by a bar-type architecture.?® As
a result of the presenting anatomy of the jaw or be-
cause of implants placed in excessively distal loca-
tions, the tongue space may be restricted when using
splinted bar constructions. Thus, single attachments
would be preferred in such cases to avoid the problems
outlined above.’®?? In addition, single attachments fa-
cilitate hygiene procedures and frequently require less
technical effort than bar constructions.'>'319-21 For se-
lection of appropriate attachments, the oral status and
the financial situation of the patient, cost effective-
ness, and the patient’s expectations of the new den-
tures must also be considered.?

For unsplinted implants, the most common attachment
used is the ball attachment, while magnets are used only
rarely.'’-'® Naert and colleagues'>'® used 3 different at-
tachment types (bar, ball, and magnets) and reported
that the bar attachment was technically the most de-
manding one compared to both types of unlinked at-
tachments. Numerous studies have investigated the in-
cidence and extent of maintenance work for several
attachment types used for stabilization of mandibular
I0Ds, and ball attachments have been reported to require
significantly more postoperative care during the follow-
up period than bar attachments.'#-1821-23

An alternative method for unsplinted attachments is
the resilient (nonrigid) telescopic crown as described
by Heckmann et al in experimental and clinical stud-
ies.20.2425 |n the experimental study, the denture-bear-
ing areas were assessed with 5 different retention
modalities; the data showed that resilient (nonrigid)
telescopic crowns had similar results as bars, balls, and
magnets.?42%

Overall, there are few reports on the use of double
crowns for IOD abutments; however, recent clinical
publications of implant outcomes using resilient tele-
scopic crowns have confirmed successful long-term
use as an alternate retention modality.?° Without the
knowledge of the recent results published by
Heckmann et al, special interest was focused on eval-
uating and comparing the performance of nonrigid re-
silient telescopic crowns over a certain time period.?627

The aim of the present study was to evaluate implant
success, peri-implant conditions, and prosthodontic
maintenance requirements for 10D retained with re-
silient telescopic crowns in comparison with traditional
ball attachments over a 3-year period. The null hy-
pothesis of the study was that there would be no dif-
ferences in biologic and technical complications of
10D supported by either of the two retention modali-
ties evaluated.

Materials and Methods
Patient Selection and Treatment

The study included 25 participants (16 women, 9 men;
mean age: 62.4 * 9.1 years) with edentulous mandible
showing moderate to severe mandibular resorption.
The patients’ maxillae were either edentulous with
conventional maxillary dentures (n = 22) or retained a
partial anterior dentition and posterior partial dentures
(n = 3). Between March 2000 and February 2002 the
included patients (n = 25) each received 2 root-form
implants (Camlog, Altatec) in the canine region.
Following implant placement and a healing period of
3 months, the implants were uncovered and healing
abutments were inserted. For prosthodontic rehabili-
tation, definitive abutments were inserted and the pa-
tients were randomly selected to receive either ball at-
tachments or resilient telescopic crowns for retaining
an implant-supported metal-reinforced overdenture. All
patients received new maxillary complete or partial
dentures. The ball attachment group consisted of 13
patients (8 women, 5 men; 58.1 + 9.2 years); the ball
attachments (Camlog, Altatec) were inserted directly
into the implants to connect the prefabricated matrix
of the 10D (Fig 1). The resilient telescopic crown group
included 12 patients (8 women, 4 men; 63.2 + 8.4
years) who received nonrigid telescopic crowns as
abutments for 10D connection (Fig 2). Table 1 sum-
marizes the clinical variables of the two attachment
groups.

The nonrigid telescopic crowns were made using a
method similar to that described by Heckmann et al,?°
with parallel walls and a tiny amount of circumferen-
tial play between the primary and secondary copings
(0.3 to 0.5 mm) as well as an occlusal space. To achieve
sufficient retention or to improve the retention be-
tween inner and outer telescope, the authors used the
TC-SNAP (Si-Tec) in a manner similar to that described
by Wenz et al, 6% situated in the outer telescopic crown
(Marburg double crown). The rotational stability of the
abutments for the Camlog implant system allowed a
universal abutment (Camlog, Altatec) to be directly
ground as the inner telescopic crown. Thus, no addi-
tional technical effort was required for the fabrication
of the inner telescopic crown, and only the outer tele-
scopic crown had to be prepared in the fashion de-
scribed above.

Clinical Analysis

Follow-up visits were part of a regular recall program
and were scheduled initially as control visits (during the
first 3 months), and thereafter at annual recall visits.
Recalls were not always regularly attended by all pa-
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Fig1 Ball attachments retaining a mandibu-
lar overdenture.

Table 1 Characteristics of Patients in the Study
Ball-attachment Telescopic crown
Characteristic group (n=13)  group (n=12)
Age () 58.1 9.2 632+ 8.4
Gender (F/M) 8/5 8/4
Edentulous period (y) 129 £ 4.8 142 £ 6.1
Mandibular bone height (mm) 17.1 + 2.8 16.8 = 3.1
Implant length 14.2 (13-16) 13.9 (13-16)

(mm and range)

tients. Any additional visits were initiated by the patients
when and if they experienced problems.

The annual recall program included investigations of
implant survival, implant mobility, peri-implant condi-
tions, and patients’ subjective assessment of the 10D.
Implant mobility was measured with the Periotest in-
strument (Siemens) at the abutment close to the implant
edge.?® Examination of the peri-implant conditions in-
cluded evaluation of peri-implant marginal bone loss
(mm) and probing (pocket) depth (mm), as well as
Plague Index, Bleeding Index, Gingival Index, and the
presence of calculus. Plaque and Bleeding indices were
assessed according to Mombelli et al® (score 0 = no
plaque/bleeding, score 1= plaque/bleeding detected by
running a probe across the smooth marginal surface of
the implant, score 2 = plaque/bleeding seen by visual
inspection, score 3 = lots of plaque, spontaneous bleed-
ing). To assess potential peri-implant inflammation, the
Gingival Index was used according to the modified Loe
and Silness Index®? (score 0 = normal mucosa, score 1=
mild inflammation, score 2 = moderate inflammation,
score 3 =severe inflammation). Probing (pocket) depth
was measured at 4 sites (mesial, distal, lingual, buccal)
around each implant using a calibrated periodontal
probe (Hu-Friedy). The presence (score 1) or absence
(score 0) of calculus was also recorded.2%20

Fig 2 Resilient telescopic crowns used to
stabilize the mandibular overdenture.

Radiographic Analysis

Marginal bone loss (mm) for the implants was as-
sessed radiographically using the method of Gomez et
al,®" and radiographic evaluation included an or-
thopantomogram and/or single periapical radiographs
based on the paralleling technique. The initial postop-
erative radiograph after implant placement (baseline
radiography) was compared with a prosthodontic
postinsertion radiograph—especially with the annual
follow-up radiographs.

Postinsertion Maintenance

Any prosthodontic complications and repairs during
the 3-year follow-up were registered and calculated ac-
cording to following events: attachment (abutment)
loosening (ball/telescopic crown loosening), abutment
worn/fractured (ball or telescopic crown worn/frac-
tured), matrix activation/replaced (ball-matrix), outer
telescopic crown activation/renewed (Si-Tec?%%7), over-
denture fracture/remade, overdenture relined/rebased,
and opposing prosthesis rebased/remade.

Statistical Analysis

The parameters were recorded in descriptive statisti-
cal manner, tabulated, and evaluated. Categoric vari-
ables for nonparametric data were compared using the
chi-square test; continuous variables were tested with
the Wilcoxon rank test. P<.05 was taken as the sta-
tistical significance level.

Results
All 50 implants showed satisfactory osseointegration

and could be used for prosthodontic rehabilitation (25
overdentures), with 26 implants in 13 patients pro-
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Table 2 Peri-implant Parameters (Means and SDs) at all Recall Examinations

1y 2y 3y
Ball RTC Ball RTC Ball RTC
Parameter mh=13) M=12) h=12) h=12) mh=12) m=11)
Bone loss (mm) 1.6 (0.8) 1.5(0.8) 1.8 (0.6) 1.8 (0.7) 1.9 (0.6) 1.8 (0.8)
Probing depth (mm) 3.6 (1.8) 3.3 (2.0) 3.2(1.8) 3.1(1.9) 3.3(1.9) 3.2(2.1)
Periotest values -3.4 (-1.2) -35(-1.4) -35(-1.5) -32(-1.6) -3.2(-1.8) -3.4(-1.5)
Plaque Index (0-3) 0.4 (0.6) 0.4 (0.6) 0.6 (0.7) 0.6 (0.7) 0.6 (0.6) 0.5 (0.5)
Gingival Index (0-3) 0.3 (0.4) 0.3 (0.5) 0.3 (0.5) 0.3 (0.6) 0.3 (0.5) 0.4 (0.6)
Bleeding Index (0-3) 0.4 (0.5) 0.5 (0.5) 0.6 (0.5) 0.5 (0.6) 0.6 (0.5) 0.6 (0.6)
Presence of calculus (0-1) 0.2 (0.4) 0.3 (0.4) 0.2 (0.4) 0.3 (0.5) 0.3 (0.5) 0.4 (0.6)

RTC = resilient telescopic crown.

Table 3 Prosthodontic Maintenance Needed During the 3-Year Period

Maintenance performed 1y 2y 3y Total

Ball group
Attachment (ball) loosening 1 2 0 3
Ball worn/fracture 0 1 0 1
Matrix activation 3 9 13 25
Matrix replaced 0 2 5 7
Overdenture repair 1 0 3 4
Overdenture relined/rebased 4 3 5 15
Opposite denture remade/rebased 2 3 2 7
Total 1 22 28 62

Telescopic crown group
Attachment (inner telescope) loosening 1 0 2 3
Inner telescope worn/fracture 0 0 0 0
Outer telescope activation (Si-Tec) 0 1 3 4
Quter telescope renewed 0 0 0 0
Overdenture repair 0 2 2 4
Overdenture relined/rebased 3 1 5 9
Opposite denture remade/rebased 2 1 3 6
Total 6 5 15 26

vided with ball attachments (Fig 1) and 24 implants in
12 patients with nonrigid telescopic crown crowns
(Fig 2). All patients presented for implant uncovering
and for the first annual recall examination. At the 2-year
follow-up, 1 patient (ball-attachment group) did not at-
tend the evaluation because of illness (cerebral stroke).
At the 36-month (3-year) recall examination, 2 pa-
tients (1 in each group) failed to present for examina-
tion; one had moved away from the area and the other
had suffered a cerebral stroke, which made atten-
dance for the examination impossible. Thus, it was as-
sumed that failure to present for follow-up was inde-
pendent of clinical and/or radiographic status. With no
implant losses, the survival rate in this 3-year prospec-
tive study was 100%. The implant survival rate did not
differ between the 2 retention modalities used.

The mean scores for the indices of plaque, gingiva,
and bleeding as well as for calculus were low for each
evaluation period (1, 2, 3 years) and did not differ be-
tween the groups (Table 2). Peri-implant pocket depth

(probing depth), marginal bone loss, and implant mo-
bility (Periotest values) also did not differ between the
2 retention modalities at the first-, second-, and third-
year recall examinations. The most obvious marginal
bone loss was noticed between the baseline radi-
ograph (implant placement) and initial prosthesis in-
corporation (1.4 = 0.5 mm) for all abutments after con-
solidation of the biologic width.

A great variety of prosthodontic or technical com-
plications and maintenance requirements was noted
during this 3-year study (Table 3). The most frequent
complication was the activation or replacement of the
ball matrix into the prosthesis. In general, significantly
more matrix repairs (activation + repairs) were re-
quired in the ball-attachment group than in the tele-
scopic crown group (32 matrix repairs, versus 4 inter-
ventions for outer telescopic crown activation). In total,
62 maintenance procedures were required in the ball-
attachment group (13 patients) and 26 interventions
were needed in the telescopic crown group (12 pa-
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tients) over 3 years. Annually, a mean of 1.6 complica-
tions/repairs were needed for the ball-attachment
group, versus 0.7 interventions/repairs for the tele-
scopic crown group (P < .05). The most frequent in-
tervention in the resilient telescopic crown group was
rebasing/relining of the dentures (9 interventions).
Outer telescopic crown (matrix) activation (Si-Tec re-
newal, Si-Tec activation) was significantly less frequent
in the telescopic crown group, compared to matrix ac-
tivation in the ball-attachment group (25 in the ball-at-
tachment group versus 4 interventions in the telescopic
crown group). The incidence and amount of prostho-
dontic maintenance in the maxilla did not differ be-
tween the 2 groups (7 versus 6 interventions; Table 3).

Discussion

The success rate of implants in this prospective study was
100% in those patients taking part in the follow-up pro-
gram and was comparable to that in other prospective
studies, which reported high survival rates for implant-
supported mandibular overdentures.?*'%'6 On account
of the low dropout rate in both groups, a comparison be-
tween the 2 attachment modalities for retention can be
made. The clinical results seen in this study are consis-
tent with those in other comparative studies; no differ-
ences were seen in implant survival rates, implant mo-
bility, and peri-implant soft and hard tissue conditions
after 3 years with either the ball or the resilient telescopic
crown system as the retention mode for mandibular
overdentures.'>'632-34 |n both groups investigated, only
minor changes in peri-implant marginal bone loss level
were observed from baseline to the 3-year recall.32-3*
However, the observed drop in mean marginal bone
level after implant placement and prosthesis incorpora-
tion may be explained by the surgical trauma when plac-
ing implants and by bone remodelling and consolidation
of the biologic width.34-36

However, assessment of peri-implant structures
showed slight increased scores for plaque and bleeding
indices in both the ball-attachment and the telescopic
crown groups. This is consistent with the studies of
Naert et al,%'? who also described increased plaque
scores for ball and magnet attachments, although the
scores also did not differ between the 2 study groups. In
obvious contrast, Davis and Packer'® reported that mag-
nets showed a higher extent of plaque accumulation than
ball attachments, obviously a result of the higher age of
the patients and their lack of manual dexterity in dental
cleaning. Although telescopic crowns are larger than ball
attachments, no significant differences in indices of the
peri-implant soft tissue structures were noted in the
present study. Compliance with regular recall appoint-
ments and appropriate hygiene may provide for appro-
priate remedy and reduce this problem.51221.33

The most commonly used abutment types for con-
nections between overdentures and interforaminal im-
plants are bars, ball attachments, magnets, and—al-
though used much more rarely—telescopic
crowns.5811-1620 Although there is no significant dif-
ference in patient satisfaction with 10D stabilization be-
tween splinted and unsplinted attachments,'?-'¢ dif-
ferences have been described in the extent of
prosthodontic maintenance needed during the follow-
up period. -1821-23

In addition, the various attachment systems exhibit
different biomechanical features regarding stress upon
the implants and the mucosa.?#?® Because the appro-
priate choice of attachment should be made based on
the anatomic state of the mandible, advanced atrophy
of the alveolar crest calls for prosthetic stabilization, es-
pecially with regard to horizontal forces, which can be
achieved predominantly with bars and double
crowns.'%20 |n geriatric patients with marked mandibu-
lar atrophy, anchorage with resilient double crowns—
eg, telescopic crowns—constitutes a feasible alterna-
tive for retention.2%2627 Heckmann et al?® have
described excellent long-term results with resilient
telescopic crowns for anchoring overdentures on im-
plants.

Although reports on the use of double crowns for
overdenture stabilization have been scarce, the use of
resilient telescopic crowns for prosthesis stabilization
shows numerous benefits and advantages, which are
primarily associated with the unsplinted property of the
attachment.81%16 Thus, implant placement in a defined
location is shown to be less restricted than with splinted
structures.'®2° Splinted bar constructions connecting
implants in the anterior mandible may restrict the
tongue space and thus result in disturbing effects,
while this will not be seen with single attach-
ments.!-131932-34 Double crowns also provide hori-
zontal stabilization as a result of the cone-shaped wall
structure and thus also may stabilize prostheses against
lateral dislocation forces.?0?

Another advantage is implied from the present re-
sults, which assessed the extent of prosthodontic main-
tenance in overdentures with different single implant
attachments.'>-'8 Especially with elderly patients, com-
plications and repairs should be kept to a minimum. As
shown by the results of this study, overdentures re-
tained with ball attachments required significantly more
maintenance than telescopic crown attachments. This
is also consistent with the results of numerous other
studies reporting on the extent of maintenance for
overdentures retained with ball or magnet attachments
as compared to bar-clip retention modalities.'-14-18.23
The present study also showed the increased need for
maintenance with ball attachments, as predominantly
reflected by the activation of the ball matrix as com-
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Effect of repeated closures on opening torque values in 7 abutment-implant systems

The purpose of this study was to compare torque loss as a result of multiple consecutive closures within and between systems.
Seven abutment/implant (A/l) systems were selected. Three identical A/l assemblies were tested for each of the following systems:
(1) morse tapered interface with 6-degree abutment; (2) morse tapered straight abutment; (3) Spline interface with fixed abutment;
(4) flat rim integral interface with fixed abutment; (5) internal octagon with fixed abutment; (6) external hex interface with HL straight
abutment; and (7) external hex with standard abutment. One operator closed each abutment to 20 N/cm for 5 seconds. After a rest-
ing period of 10 seconds, the abutment screw was opened and the opening torque recorded. This procedure was repeated for 200
closing/opening cycles. Linear regression analysis was performed separately for each A/l assembly for all 7 systems. One-way

analysis of variance (ANOVA) was applied. After closures at 20 N/cm, a progressive decrease in opening torque values was mea-

sured in all implant systems. Significant differences were found between the systems studied. Systems that consistently maintained

the highest opening torque values contained either tapered frictional elements or interlocking tines. Opening torque values contin-

ued to decline for all systems progressively up to 200 c/o cycles, indicating decreased resistance to opening (probably because of

the decrease in coefficient of friction). To minimize screw loosening, it is recommended that the number of closing/opening cycles in
clinical and laboratory procedures before final abutment closure be reduced.
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